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PREFACE

Presented here are 10 contributions by US. scientists dealing with
Qul f of Alaska groundfish resources. The papers were originally subnmtted
as an annual report to the International North Pacific Fisheries Comm ssion
in Cctober 1984 by the U.S. National Section. Eight of the 10 contributions
summarize information on the condition of comrercially inportant species--
wal | eye pollock, sablefish, Pacific cod, Atka mackerel, Pacific ocean perch,
t hornyhead rockfish, flatfish, and squid. There are also descriptions of
the comercial fisheries for walleye pollock in 1983 and 1984, and of
acoustic-mdwater traw surveys on the spawni ng popul ati ons of wall eye
pol l ock on the Shelikof Strait region in 1980, 1981, 1983, and 1984. Finally,

the 1984 U. S. research surveys are reviewed and plans for 1985 are outlined.



Table A.--Qulf of Alaska groundfish:

v

optimum yield (OY) and catch (t) 1977-84,

current status

of stocks, and abundance trends.

Species Catch Status of Abundance
and Year oY Foreign J. Venture Domestic Total Stocks trend
Walleye pollock

1977 150,000 117,835 0 228 118,063

1978 168,800 96,328 34 1,044 97,406

1979 168,800 103,807 566 2,031 106,404

1980 168,800 112,997 1,136 904 115,037

1981 168,800 130,324 16,826 563 147,713 Exploitable

1982 168,800 92,612 73,918 2,217 168,747 ~ biomass

1983 256,600 81,318 134,131 120 215,609 declining

1984 416,600 99,212 207,115 329‘ 306,656 Good in 1985
Sablefish . .

1977 22,000 15,959 0 1,179 17,138

1978 15,000 7,127 0 1,738 8,865

1979 13,000 6,885 18 3,447 10,350

1980 13,000 6,139 20 2,384 8,543

1981 12,300 7,975 0 1,941 9,916

1982 ..12,300 . 5,645 1 2,910 8,556

1983 9,480 4,965 275 3,761 9,001

1984 9,480 1,110 533 8,454 10,097  Fair
Pacific cod

1977 6,300 1,988 0 270‘ 2,258

1978 40,600 11,369 7 785 12,161

1979 34,800 13,174 712 985 14,871

1980 60,000 34, 245 466 611 35,322

1981 60,000 34,969 58 1,060 36,087

1982 60,000 26,936 193 2,250 29,379

1983 60,000 29,777 2,426 4,198 36,401

1984 60,000 15,976 4,657 2,206 22,839 Good Stable
Atka mackerel

1977 20,000 19,455 0 0 19,455

1978 24,800 19,586 0 0 19,586

1979 26,800 10,948 1 0 10,949

1980 28,700 13,163 3 0 13,166

1981 28,700 18,727 0 0 18,727 Stock

1982 28,700 6,760 0 0 6,760 disappearing

1983 28,700 11,470 790 0 12,260 in Central

1984 28,700 536 585 31 1,152 Depressed Gulf
pacific ocean perch

1977 30,000 23,581 0 12 23,593

1978 25,000 8,171 0 ) 8,176

1979 25,000 9,750 67 105 9,922

1980 25,000 12,447 20 4 12,471

1981 25,000 12,176 1 7 12,184

1982 11,475 7,988 3 2 7,993

1983 11,475 5,416 1,975 15 7,406

1984 11,475 2,580 1,734 4,433 Depressed

119



Table A. --Continued.

vii

Species Catch Status of Abundance
and Year oY Foreign J. Venture Domestic Total Stocks trend
Thornyhead rockfish

1977 - 0@ 0 0 0

1978 - 02 0 0 0

1979 - 0@ 0 0 0

1980 3,750 1,351 0 0 1,351

1981 3,750 1,340 0 o 1,340

1982 3,750 788 0 0 788

1983 3,750 718 12 0 730

1984 3,750 164 19 24 207 Unknown
Flatfish

1977 23,500 16,038 0 . 684 16,723

1978 33,500 14,314 5 852 15,171

1979 33,500 13,474 70 384 13,930

1980 33,500 15,497 209 140 15,846

1981 33,500 14,443 18 403 14,864

1982 33,500 8,986 18 274 9,278

1983 33,500 9,531 2,692 - 439 12,661

1984 33,500 3,040 3,466 641 7,147 Good
Squid

1977 = pa 0 0 ‘ 0

1978 2,000 322 0 0 322

1979 5,000 425 0 0 425

1980 5,000 841 0 0 841

1981 5,000 1,135 0 0 1,135

1982 5,000 278 16 0 294

1983 5,000 267 4 0 271 Assumed to

1984 5,000 120 5 0 125 Unknown be stable

®There probably were small catches of thornyhead rockfish in 1977-80 and squid in 1977 but

the source used here (Berger
est abl i shed.

Definition of Pacific ocean perch:

rockfish;
Donmesti ¢ catches:

Sour ces:

Ri gby 1984;
Marine Fisheries Conmi ssion,
OR 97201.
the text.)

1978:

(Ful |

only Pacific ocean perch;
only Pacific ocean perch.

foreign and joint venture catches:
donestic catches 1981-84: Pacific Fishery Information Network (PacFIN),
305 State Ofice Building,
references for

et al.

1985) does not |ist them inasmuch as OY had not yet been

foreign and joint venture catches 1977. all species of
1979-84: Pacific ocean perch and 4 simlar species.

1985; domesti ¢ catches 1977-80:
Pacific
1400 SSW Fifth Avenue, Portland,

1985 and Righby 1984 are given on page 34 of

Berger et al.

Berger et al.
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CONDI TION OF THE WALLEYE POLLOCK RESOURCE
OF THE GULF OF ALASKA AS ESTI MATED IN 1984

by
Mles S. Alton and Craig S. Rose

The @lf of A aska walleye pollock, Theragra chal cogramm, is considered

a separate stock from those of the Bering Sea and Aleutian Islands. The

Sheli kof region near Kodiak Island is a major spawning site where it is assumed
that fish from various parts of the western and central @Qlf mx from January
through April for reproduction; The existence of other, but relatively

mnor, spawning sites in the western and central Gulf has been inferred from
the occurrences of eggs and |arvae during ichthyoplankton surveys. A mi nor
spawni ng aggregation was also found in Prince WIliam Sound during an April
1984 hydroacoustic survey [Nelson and Nunnallee 1985 (in this report)].

Most of the @ulf of Al aska pollock resource lies within the central and
western regulatory areas where the fisheries are concentrated (Alton et al.
1977). Currently, there are two distinct types of fisheries that harvest
Qulf of Alaska pollock: joint venture fisheries that take nost of their
catch during the pollock's reproductive period in the Shelikof Strait region,
and trawl fisheries by foreign nationals that operate outside of the Shelikof
region during May-Decenber in the western and central Qlf [Alton 1985 (in
this report)]. The pollock catch by conventional domestic fisheries (donestic
fisheries other than joint venture fisheries) remains negligible.

The annual pollock catch by all nations and fisheries in the GQulf of
Al aska continued to increase in 1983, reaching 215,600 nmetric tons (t).

Joint venture operations accounted for 62% of the catch, with nost of the

remai nder being shared by Japanese and Korean trawl fisheries. The 1984



joint venture fisheries caught an estinmated 207,100 t from the Shelikof
region, the highest so far fromthat region;

Optinmum yield (OY) of pollock for the western and central regulatory
areas was set at 240,000 t in 1983; an increase of 54% over that of 1982.
For 1984 it was raised again to 400,000 t. The OY for the eastern regulatory
area remmi ned 16,600 t.

Catch-at-age analysis by Alton and Deriso (1983a, 1983b) indicated
that Qulf of Alaska pollock increased substantially between 1976 and 1982
(from 0.6 to 2.6 mllion t of exploitable biomss) because of a succession
of five strong year classes (1975-79). Biomass estimates from hydroacoustic
surveys on the pollock spawning stock in 1983 fairly well matched the
estimates obtained from the catch-at-age analysis for that year.

There was no acoustic survey in 1982, but the 1981 and 1983 survey
bi omass estinmates indicate that stock size declined between these two,
years. Catch per unit effort (CPUE) information provided by Japanese
scientists showed a trend toward increasing stock size from 1977 to 1982
(Alton and Deriso 1983b). The 1983 CPUE value was not available for this
report.

Here we enphasize the results of the hydroacoustic surveys of 1981,
1983, and 1984 in evaluating the current stock condition of Qulf of
Al aska pollock. W have not updated the catch-at-age analysis to include
more recent data because of problenms with fitting the catch-at-age nodel
to the updated catch statistics (Alton and Deriso 1983b). W are continuing
our analysis of the fisheries data, but consider the results of the
hydroacoustic surveys the best data with which to interpret the changes

occurring in pollock abundance and recruitnent.



EVALUATION OF STOCK CONDI TI ON

The poor showing of 3-year-old fish in the 1983 joint venture fisheries
and the hydroacoustic research survey sanpling in the Shelikof region was
the first indication that the 1980 year class was potentially weak, thereby
interrupting a series of strong year classes (1975-79). Confirmation
that the 1980 year class was weak cane in early 1984 when these fish, now
4-year-olds, were relatively scarce in the fisheries and in the hydroacoustic
survey. Normally age-4 fish are an inportant contributor to the joint
venture fisheries [Alton 1985 (in this report)].

The weakness of the 1980 year class has contributed to the continued
decline of the stock--as evidenced from the hydroacoustic traw survey bionass
estimates [Nel son and Nunnallee 1985 (in this report)] obtained in the Shelikof
region since 1981

Year of Survey

181 1982 1083 1984

Biomass (mllion t) 3.8 no survey 2.4 1.8

Based on the 1984 acoustic survey results, the abundance of age-3
fish appears to be low for a second consecutive year. The estimated
nunbers of 3-year-old fish (10% are 1,490.7, 325.7, and 258.9 for the
1981, 1983, and 1984 surveys, respectively. These are fish from the
1978, 1980 and 1981 year classes. Although age-3 fish are not fully
recruited to survey sampling gear, the 3-year tinme series appears to
be providing a relative measure of abundance of recruiting year classes.

The 1981 estimate of 3-year-olds was high; these fish represented a
strong year class (1978) which ultimately dominated the commerical catch

in 1982, 1983, and early 1984. The 1983 survey estimate of the 1980 year

class at age 3 was low, this year class definitely appears to be weak



judging from sanples obtained from the conmercial catch in 1984. Since
the estimate of the 1981 year class as three-year-olds is also | ow, that
year class may al so be weak.

To assess the inmpact of two successive poor year classes on the
stock bionass in the near future, projections of exploitable biomass were
made using various recruitnent conditions and various catch levels. These
projections were generated with a program witten by Bernard Megreyl™, which
forecasts bionmass and exploitable biomass from an initial population
given parameter values for natural nortality, growh, and age selectivity
of the fisheries and a schedule of catches and recruitment. The initial
popul ation size used in naking the forecasts was derived fromthe 1984
hydroacoustic survey of Shelikof Strait. Oher parameters were estimated
from previous catch-at-age analyses. This age-specific simulation nodel
accounts for the partitioning of the annual catch between the foreign and
joint venture fisheries.

For these projections, six scenarios of recruitnent were considered.
Recruitnent was defined in a general sense as the population of age-3 fish
early in the year. Three recruitnment levels were used: below average (500
mllion fish), average (1,500 nillion fish), and above average (2,500
mllion fish). These levels were based on estimates of age-3 fish from

catch-at-age analyses (Alton and Deriso 1983a). The scenarios were as

fol | ows:

Scenari o 1984 1985 1986 1987
A bel ow bel ow bel ow bel ow
B average bel ow bel ow bel ow

"Center for Quantitative Sciences, University of \Washington, Seattle,
WA 98105.
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Scenari o 1984 1985 1986 1987
c bel ow average average aver age
D aver age aver age aver age aver age
E bel ow above above above
F aver age above above above

Recruitnent in early 1984 was considered below average (at best,
average). For all scenarios the 1984 catch was kept at 300,000 t,
which appears to be a realistic figure; for subsequent years (1985 and
1986) six catch levels were used (0 t, 150,000 t, 200,000 t, 250,000 t,
300,000 t, and 400,000 t). Projections are terninated at the beginning
of 1987. Instantaneous natural nortality was fixed at 0.4 for all ages
and years. Projections were in terms of exploitable biomss (EB) since
this represents the portion of the stock that is available to the fisheries
and is involved in nost of the reproduction.

The changes in EB for each scenario are given in Figure 1. The

initial EB for early 1984 has two values because of the two different

begi nning recruitnent |evels: 1.69 nmillion t when recruitnment is bel ow
average and 1.74 nmillion t when recruitment is average. The EB for

early 1985 is constant for each scenario because the 1984 catch was fixed
at 300,000 t. The analysis suggests the follow ng population changes:

1. EB will continue to decline in 1985 regardl ess of the recruitnment
| evel set for 1984 and 1985. Under two of the worst possibilities
(scenarios A and C): below average recruitnent for both 1984 and
1985 or bel ow average recruitment in 1984 and average recruitnent
in 1985), EB will drop to 1.2 and 1.27 mllion t respectively

by early 1985, a decrease of some 400,000 to 500,000 t.
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Figure 1. --Changes in exploitable biomass of pollock for various catch and
recrui tment levels: A bel ow average recruitnent in 1984-87;
B. average recruitment in 1984 and bel ow average recruitnent in
1985-87; c. below average recruitment in 1984 and average recruitment
in 1985-87; D. average recruitnment in 1984-87; E.  below average
recruitment in 1984 and above average recruitnent in 1985-87;
F. average recruitment in 1984 and above average recruitnment in
1985- 87. (Recruitnent refers to the population of 3-year old
fish.)



2. Under the poorest recruitment, schedul e--below average for al
years (scenario A) --the 1984 expected catch level of 250,000 to
300,000 t, if continued in 1985 and 1986, woul d reduce the EB
to some 500, 000- 600,000 t by the beginning of 1987. If there

were no catch in 1985 and 1986, EB would drop to 850,000 t.

3. Average recruitment for all years (scenario D) would |ower EB to
1.2 to 1.3 nmillion t by 1987, given an annual catch of,

250, 000- 300, 000 t.

4. The nost favorable conditions would come about with above average
recruitnent for 1985-87 (scenarios E and F). This would result
in an EB above or approxinmately to the expected 1985 EB | eve
(1.32-1.5 mllion t), given annual renmpvals by the fisheries
of 250, 000- 300, 000 t.

5.  An annual catch of 400,000 t in 1985 and 1986 coul d | ower

EB to 500,000 t or less if recruitment is bel ow average in
1985-87 (scenarios A and B)

These projections denonstrate how sensitive pollock abundance is to
recruitnent. This sensitivity is attributed to the large differences
that are possible in year-class strength. Alton and Deriso (1983b) have
estimated that the nobst abundant year class at age 3 and the | east abundant
at that age during the years, 1976-82, differed in number by a factor of
six. Wthin that brief period, EB went from approximtely 600,000 t
to 2.6 milliont (Alton and Deriso 1983b). The low EB in 1976 and

1977 was the result of two consecutive weak year classes (1973 and 1974)

that followed a strong year class.



There are now indications of another pair of weak year classes follow ng
a period of high biomass. Optinumyield currently set at 400,000 t which, if
taken in 1985 and 1986, would decrease EB to below 1 mllion t by early
1987, given below average or average recruitnent for 1984-87 (Figure 1).
Since EB is declining, consideration should be given to establishing
some mnimum |evel of EB (bel ow which harvest would be seriously restricted)
in order to allow the stock to rebuild and avoid serious inpacts on
fisheries and on populations of other fish that feed on pollock. This
coul d nmean reducing the pollock catch in the near future. However, catch
reduction, mght have no effect on a declining pollock population, since
other factors such as predation may be the primary cause of the decline.
The introduction of an increasing anmount of biomass into the ecosystem of
the central and western Qulf of Alaska during 1977-82 could have caused a
positive, but |agged, response in the abundance of pollock predators, so
that by the early 1980's predator populations may have reached high

| evel s. I nportant predators of pollock are Pacific halibut, H ppoglossus

stenol epis, and Pacific cod, Gadus macrocephalus. Qher predators are

birds which feed on very young pollock, and marine mamals which consune
subadults and adults.

Assumi ng that a decline in pollock abundance coul d be arrested by
control of the fisheries, it is not clear what the level of EB should be
to allow rebuilding and at the same time mnimze the inpact on the
fisheries and predator populations. Qur linmited know edge shows that the
1976 and 1977 popul ations produced exceptional year classes, yet the EB
in those years (600,000-700,000 t) was the lowest for the period for
which we have information on the stock (1976-84). This level of EB then,

could be considered the mninmum that could be tolerated if the stock were



to rebuild without having drastic effects on the fisheries and other
popul ations. O course, we know very little about the interactions
bet ween pollock and its predators and are assuning that the mni mum EB
| evel suggested would not seriously reduce predator popul ations.

If results fromthe early 1985 assessment survey indicate that the
wor st possible recruitment situation has becone reality (bel ow average
recruitnent for 1984 and 1985), then a catch |level of 250, 000-300, 000 t
in 1985 woul d, according to our projections (Figure 1), reduce EB to
about 800, 000-900,000 t in 1986. This approaches the suggested
mnimum all owable level. There would be a lag effect, however, in that
EB would continue to drop and, if a strong year class was produced in
1986, it would not begin contributing significantly to EB until 1989 or
1990. There remains, of course, the possibility that recruitnent could
inmprove in 1985, and that recruitment in 1984 may not have been as |ow as

the survey results suggest.

RESEARCH AND ANALYSIS:  ONGO NG AND SCHEDULED

1. The annual acoustic trawl survey will be continued in early 1985 to obtain
estimates of pollock biomass and its conposition in the Shelikof region.
2. Analysis of fisheries data will continue in 1985 to better understand
the changes that have taken place in the stock due to the fisheries
and natural causes.
3. Biochenical genetic studies and analysis of growh data will continue
in an effort to understand the stock structure of the Gulf of Al aska

pol | ock.
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WALLEYE PCOLLOCK FI SHERI ES OF THE
GULF OF ALASKA 1983-84

by

Mles S. Alton

This report updates information for walleye pollock, Theragra chal cogranmm,

fisheries of the GQulf of Alaska as given by Alton (1983) by including data
for all fisheries in 1983 (foreign, joint venture, and donestic) and for

joint venture fisheries in the Shelikof Strait region, January-April 1984.
DATA SCURCES AND COWPI LATI ON PROCEDURES

Catch

Each foreign nation reports its annual catch by statistical blocks of 1°
longitude and 1/2° latitude, by month, and by vessel class. This information
is used here to describe the tine-space distribution of the catch of
pol l ock by the foreign nation's fisheries and to indicate the proportion
of the catch taken by the various vessel classes. For estimates of the
pol | ock catch by foreign nation fisheries as well as by joint venture fisheries
a "best blend" is used. This "best blend" is obtained from U S. observer
sanpling as described by Wall et al. (1981). Donestic catch was obtained from
the Al aska Department of Fish and Gane:

(bserver coverage (nunber of observer days/total vessel days x 100) of
the foreign trawl and joint venture fisheries in 1983 was 51% and 38%
respectively. For the 1984 joint venture fisheries in the Shelikof Strait

region (January-April), observer coverage was 88%

Length and Age Conposition
Estimates of the length and age composition of both the foreign and

joint venture catch come from data collected by U S. observers aboard foreign
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trawm ers and processors. A description of the sanpling procedures used by
the observers to obtain length information and age structures is given by

Nel son et al. (1981). The procedures for determning the age of pollock from
otoliths is described by LaLanne (1979), and the procedure for estimating

the age conposition of the pollock catch is given by Alton and Deriso (1983).

ALL FI SHERI ES

1. The annual pollock catch in the GQulf of Al aska reached its highest |evel,
215,600 metric tons (t), in 1983 (Table 1), but that total seenms certain

to be exceeded
in 1984.

2. Catch by foreign fisheries continued to decline in 1983 while that of
joint venture fisheries continued to increase. Domestic catches continued
to be at a very low level in 1983 (Table 2).

3. Eighty-one percent of the annual catch in 1983 was taken in the North

Pacific Fishery Mnagenent Council (NPFMC) central regulatory area

followed by 18% in the western area and less than 1% in the eastern

regul atory area (Table 2).

FOREI GN FI SHERI ES

1. Only Japanese and Republic of Korea (ROK) vessels were involved in
foreign directed fisheries in 1983. Pollock catch by Japanese fisheries
was greater than that by ROK fisheries (Table 2).

2. In the 1983 Japanese traw fisheries, surim factory trawers continued to
take most of the catch (Table 3). Catch by this vessel type increased
markedly in the last quarter of 1983 (Fig. 1). The availability of
pol l ock, as indicated by the catch per unit effort (CPUE) of surim factory

tramers, also increased markedly in the last quarter (Fig. 2).
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Table 1.--Catch (1,000 t) of pollock in the Gulf of Al aska,
by fishery category, 1977-84.

Fishery category

Yeaxr Foreign Joint venFu:g ' Domestic Total
1977 117.8 o K ‘ 117.8
1978 96.3 : T 1.0 97.3
1979 103.8 ‘ 0.6 2.0 | 106.4
1980 ~113.0 1.1 : 0.9 115.0
1981 . 130.3 16.8 - 0.6 147.7
1982 2.6 : 73.9 2.2  168.8
1983 81.4 134.1 Co0.1 215.6
1984 R N.A. 207.1 | N.A. N.A.
T. Trace.

N. A: Not avail abl e.

Sources: Foreign and joint venture catches: Berger et al. 1985. Donesti c
catches 1978-80: Ri gby 1984. Domestic catches 1981-83: Pacific Fishery
Informati on Network (PacFIN), Pacific Mrine Fisheries Conmssion, 305
State Office Building, 1400 SSW Fifth Avenue, Portland, OR 97201.
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Table 2.--Catch (t) of pollock in the, Gulf of A aska in 1983 by
fishery category and North Pacific Fishery, Mnagement Council
regul atory area.

Nation or o
fisheries Area

category , Western Central ‘ Eastern All areas
Japan 17,492 30,192 41 47,725
Republic of Xorea 21,827 11,806 0 33,633
Joint venture 497 ‘ 133,634 0 134,131
Domestic 1 118 ' 119
Total 39,817 175,750 a1 215,608

Sources: Foreign and joint venture catches: personal communication with
Jerald Berger, US. Foreign Fisheries Observer Program Northwest and

Al aska Fisheries Center, National Marine Fisheries Service, NOAA Bin
C15700, Building 4, 7600 Sand Point Way N. E., Seattle, WA 98115. Donestic
catch: Pacific Fishery Information Network (PacFin), Pacific Marine

Fi sheries Conmission, 305 State Office Building, 1400 S.W Fifth Avenue,
Portland, OR 97201.
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Table 3.--Japanese catch (1,000 t) of pollock in the Qulf of Al aska by
tram er class, 1976-83.%°"

Trawler class

Surimi ‘ .- Small Large
factory trawler - freezer trawler = freezer trawvler
Year (1,500-4,505 gt) (<1,500 gt) (1,500-4,504 gt) Total
1976 4.9 ' 0.3 6.6 11.8
1977 . 19.0 : 7.0 5.0 B 41.0
1978 17.8 ‘ | 6.7 1.5 26.0
1979 10.6 | ” '5.5 15.7 31.8
1980 . 20.4 : 8.6 \ 8,.5‘ 37.5
1981 30,4 12,3 ‘ 8.8 51.5
1982 34.0 14.5 6.3 . 54.8
1983 31.5 ©10.6 | 5.3 47.4

®Foreign reported catch for 1976 and 1977; best blend estimate for 1978-83.
“Vessel classification used by U S. Foreign Fisheries Cbserver Program

Source:  Personal communication with Jerald Berger, U S. Foreign Fisheries
Qbserver Program Northwest and Al aska Fisheries Center, National Marine
Fi sheries Service, NOAA, Bin C5700, Building 4, 7600 Sand Point Way N E.,
Seattle, WA 98115.
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trawmers and small freezer trawers) in the Qulf of Alaska in 1983.
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The ROK fisheries caught nost of their pollock in the last quarter of
the year (Fig. 3). O the two classes of trawmers in the RX fisheries
small and large foreign trawers, the latter took the bulk (88% of the
1983 pol | ock catch.
The region between 156° and 162°W long. continued to be productive
for the foreign traw fisheries in 1983 (Fig. 4). The proportion of
the total foreign fisheries pollock catch in 1983 by region is as foll ows:
Kodi ak - Chiri kof (140° to 156°W long.)--9%
Chirikof - Shunmagin (156° to 162°W long.)--73%
Shumagi n (162° to 170°W long.)--18%
The length and age of pollock taken by the foreign traw fisheries showed
the foliowing features
a) There was a greater spread of sizes and ages in the pollock taken
between 146° and 164°W long. than in the nost westward region,
166°-170°W long. (Figs. 5-7). This difference was nost
pronounced during May and June (Fig. 5).
by For all periods the pollock in the westward region (166°-170°W
long.) showed sharp nodes in the age conposition (age-5 fish)
(Figs. 8-10) and length composition (frequently at 44 and
45 Cm (Figs. 5-7).
¢) In the Kodiak area (146°-156°W long.), where the catch of
pollock was relatively minor, age-3 pollock, representing the 1980
year class, were nost promnent in the catches during the spring
(May-June) and summer (Jul y- Septenber).
d) In the region (156°- 164°W long.) where nost of the foreign

pol | ock catch was taken, age-2 fish, representing the 1981 year
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Figure 3.--Distribution of pollock catch by Republic of Korea (ROX) freezer
trawlers in the Gulf of Al aska in 1983.
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class, were nost prominent. These fish accounted for the sharp node
(27 cm in the length conmposition of fish taken by Japanese snall
freezer trawers in May and June (Fig. 5).

e) The length conposition of pollock taken in the foreign traw
fisheries for all regions and nations in 1983 showed a sharp
uni nodal distribution sonewhat conparable to those of the two
previous years, 1981 and 1982 (Fig. 11).

f) Age-5 fish, representing the strong 1978 year class were the

dom nant conponent of the annual catch in 1983 (Fig. 12).
JO NT VENTURE FI SHERI ES

Most of the catch of pollock by joint venture fisheries in the Gulf of

Alaska in 1983 was taken in the Shelikof Strait region (Table 2).

Most of the pollock in the 1984 Shelikof Strait fisheries was taken during

February and March:

Month Percent of Total Catch
January 3
February 47
Mar ch 50
April l ess than 1

During January and February the | ength conposition of pollock taken in
the 1984 fisheries was binodal (at 32 cm and 41-43 cm (Fig. 13).

The smaller node is estimated to represent mainly age-3 fish of the 1981
year class. In March the length conposition was essentially uninodal

at 44 cm

The length conposition of pollock taken in the 1984 fishery for January-

April shows 3 nodes: a small one at about 25 cm another at 32 cm and the
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nost promnent one at 44 cm (Fig. 14). There was a nmgjor shift

in the primary node from 38 to 44 cm between 1983 and 1984 (Fig. 14).
Prelimnary information shows that fish of age groups 5 and 6 (1979 and
1978 year classes, respectively) were inportant in the catch. The strength
of the 1980 year class (age-4 fish) apparently is weak, since age-4 fish
have in the past been an inportant part of the joint venture catch

(Fig. 15).
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SABLEFI SH
by

CGary D. Stauffer

| NTRODUCTI ON

The sabl efi sh, Anopl opoma finbria, resource in the northeastern

Pacific Ccean extends fromnorthern Mexico to the GQulf of Al aska, westward
to the Aleutian Islands, and into the Bering Sea. The resource has been
harvested by U S. and Canadian fishernen since early in this century, but
catches were relatively small and generally limted to areas near fishing
ports in the stretch from California to southeastern Alaska. Catches in the
Gul f of Al aska averaged about 1,500 metric tons (t) from 1930 to 1950 and
exploitation rates remained low until Japanese |ongliners began operations
in the eastern Bering Sea in 1958. The Japanese fishery expanded rapidly
and took as much as 30,000t in the Bering Sea as early as 1962 (Narita
1983). In 1963 the Japanese longline fleet expanded to the Al eutian Island
region and the Qulf of Alaska. Catches rapidly escalated until the
record, all-nation catch fromthe northeastern Pacific reached 67,000 t in
1972. Following that, the total northeastern Pacific catch averaged about
50,000 t from 1973 to 1976

Evi dence of declining stock abundance has led to significant fisheries
restrictions since 1977, and total catches have been reduced substantially.
Until 1977, the ngjority of the sablefish harvest was taken fromthe Gulf
of Alaska. But beginning in 1978, regulations on foreign fleets in the
Gl f of Alaska, coupled with sharply increased U S. effort off Washington-

California, reduced the proportion of total sablefish harvested in the
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@l f. Catches in 1978-83 averaged 13,695 t off Washington-California,
3,212 t off Canada, 612 t in the Aleutian Islands, 2,164 t in the Bering

Sea, and 9,206 t in the Gulf of Al aska.

FI SHERY STATI STI CS

A summary of the annual sablefish landings fromthe @ulf of Al aska,
by nation, is given in Table 1. The harvest was first expanded in 1963
by the addition of the Japanese traw fisheries. The reported |andings
exceeded 15,000 t in 1968, corresponding to the start of the Japanese
longline fishery. The catch peaked in 1972 at 37,503 t and averaged 27,715 t
in 1973-76. Follow ng the passage of the Magnuson Fishery Conservation and
Management Act in 1976 (MFCMA), catch quotas were inplenented. The foreign
harvest of sablefish has since declined from15,961 t in 1977 to 4,966 t
in 1983. U S. donestic harvests from 1976 to 1982 averaged about 2,107 t
and increased to 4,036 t in 1983--including 275 t taken by joint venture
fisheries. In 1984 the donestic sablefish fishery completely replaced
the directed foreign fishery in the North Pacific Fishery Mnagement Council
(NPFMC) central and eastern regulatory areas.

The directed foreign sablefish fishery in the Gulf of A aska is
regulated to the use of longline gear. An allowance is nade, however,
for incidental catches taken in traw fisheries and from 1979 to 1983 the
foreign trawl incidental catch of sablefish was 686 t, 1,422 t, 919 t, 540 t
and 514 t, respectively; an annual average of 816 t. Donestic sablefish
gear in the @ulf of Al aska has consisted alnost exclusively of Iongline
gear although 105 t was landed with pot gear and bottom gill nets in

1984.
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Table 1.--Catch (t) of sablefish in the Gulf of Al aska, by nation, 1958-83.

Year U.S. ‘ Canada Japan U.S.S.R. ROK Total
1958 698 98 L -- ‘ - - 796
1959 1,048 52 - - - 1,100
1960 1,925 217 ) - , - - 2,142
1961 866 31 : - - - 897
1962 ‘ 684 47 - -~ - 731
1963 881 109 ' 1,819 - - . 2,809
1964 1,172 . 238 1,047 - -~ 2,457
1965 1,047 194 C2,217 - -~ 3,458
1966 1,067 335 3,777 - - 5,179
1967 946 199 4,998 - -- 6,143
1968 161 128 14,759 -- -- 15,048
1969 301 - 72 19,003 - - 19,376
1970 578 68 24,497 -- - 25,143
1971 - 387 15 25,228 - - 25,630
1972 1,086 16 . 35,558 535 308 37,503
1973 1,245 16 27,264 109 58 28,692
1974 1,111 10 - 24,176 38 3,000 28,335
1975 - 1,557 16 22,072 33 2,167 26,0952
1976 1,151 23 21,924 41 3,551 27,738b
1977 1,179 3 14,350 9 1,599 17,140
1978 1,738 1 6,458 4 665 8,866
1979 3,447 0 5,919 152 759 10,350€ -
1980 2,384 0 4,831 416 891 8,5424
1981 1,941 0 6,910 0 1,062 9,917¢
1982 2,910 0 4,921 0 724 8,556%f
0 4,334 0 632 9,0029

1983 3,761

% ncl udes 250 t by Tai wan.

®I'ncludes 1,048 t by Taiwan.

“'ncludes 55 t by Mexico and 18 t by joint venture fisheries.
“'ncludes 20 t by. joint venture fisheries

’Includes 4 t by Pol and

"Includes 1t by joint venture fisheries.

%I'ncludes 275 t by joint venture fisheries

Sources: U.S. 1958-69: Funk and Bracken 1984; 1970-80: nodified from Rigby 1984

and 1981-83: Pacific Fishery Information Network (PacFIN) Pacific Marine Fisheries
Commi ssion, 305 State Ofice Building, 1400 SSW Fifth Avenue, Portland; OR 97201

Canada 1958-71: Department of Fisheries and Cceans (Canada) 1959-72; 1972-78:
Department of Fisheries and Cceans (Canada) 1973-79

Japan 1963-70: Forrester et al. 1978; 1971-76: Forrester et al. 1983.

U S S R 1972: Parks 1973; 1975 and 1976: untitled data presented by the U S.S.R
at the U S -US SR Bilateral Fisheries Meetings in the late 1970's. (On file
at the Northwest and Al aska Fisheries Center.)

ROK 1972: Anon 1973; 1975: Fisheries Research and Devel opment Agency (Republic of
Korea) 1976; 1976: Fisheries Research and Devel opnent Agency (Republic of Korea) 1977.

U.S.S.R and ROX 1973: Parks 1975; 1974: Parks 1976

Taiwan: National Marine Fisheries Service 1980

Al'l foreign nations except Canada and joint ventures 1977-83: Berger et al. 1985.
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In 1977 the @lf-wide optinumyield (OY) was set at 22,000 t (Table 2).

The OY was reduced to 15,000 t in 1978, and to 13,000 t in 1979 with the

i mpl ementation of the Fishery Mnagement Plan for the @il f of A aska G oundfish
Fishery (FMP). Also, the OY was prorated between the three new regul atory
regions, 2,100 t to the western regulatory area [International North Pacific
Fi sheries Commission (INPFC) Shummgin statistical areal, 3,800 t to the
central regulatory area (Chirikof and Kodiak | NPFC areas), and 7,100 t to
the eastern regulatory area (Yakutak and southeastern |INPFC areas). The
1983 OY was reduced to 12,300 t (as a basis) but then tenporarily increased
16.7% to allow for a allow for a 14-nonth season that resulted from adjusting
the reporting year to coincide with the calendar year. In 1982 for the
first time, the eastern region OY of 6,400 t was partitioned into separate
parts for the Yakutat and southeastern statistical areas. Qulf-wde that
year the OY was 12,300 t. In 1983, Amendnent 11 to the FMP established OY at
8,230 to 9,460 t, 75% of equilibriumyield (EY). The 1984 OY was mai ntai ned
at the 1983 |evel.

Annual |andings averaged 70% of the OY for the 6 years followi ng 1976.

Donmestic landings during this same period averaged 54% of the donestic

annual harvest (DAH). Foreign landings exceeded the initial allocations

of total allowable level of foreign fishing (TALFF), but have averaged 78%
of the final allocations. The foreign landings in 1983 equaled 91% of the
final allocation. The US. harvest, including the joint venture catch,

exceeded the DAH in 1983 and is projected to exceed DAH again in 1984.

CONDI TION OF THE STOCKS

Stock Structure

Experiments designed to identify sablefish stock units in the Qulf
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Table 2.--Year-end sablefish optinumyield (OY), donmestic annual harvest
(DAH) and total allowable Ievel of foreign fishing (TALFF) for
the Gulf of Alaska regulatory areas 1977-84.

Western Central Eastern All regions
1977 oY 22,000
DAH ' ‘ too 2,500
TALFF - 19,500
1978 0)'¢ ‘ 15,000
DAH : - ‘ 4,000
TALFF 10,200
1979 oy 2,100 . 3,800 7,100 ‘ 13,000
DAH 100 100 3,800 4,000
TALFF 1,965 3,570 3,270 | 8,805
1980 oY 2,100 3,800 7,100 13,000
‘ DAH 25 A 4,812 5,008
TALFF 2,075 3,629 2,288 7,992
1981 (6)'¢ 2,450 4,433 7,466 : 14,3492
DAH 115 423 3,805 . 4,343
TALFF 2,335 4,101 3,661 10,006
Yakutat SE
1982 0)'4 2,100 3,800 3,400 3,000 12,300P
DAH 270 750 1,380 2,910 5,310
TALFF 1,830 3,050 2,020 90 6,990
West 140°W. East 140°W.C
1983 0) 4 1,670 3,060 1,680 1,320-2,570 7,730-
B , ‘ 8,980P
DAH . 270 300 266 1,320-2,570 2,656-
‘ ‘ 3,906
TALFF 1,400 ‘ 2,660 1,414 0 5,474

Initial 1984

(03 4 1,670 3,060 1,680 1,320-2,570 7,730~
8,980b
DAH ' 300 1,650 1,344 1,320~2,570 5,114~
6,364
TALFF & . ‘ o
Reserve 1,370 1,410 336 ) 0 3,116

®The OY was reduced to 13,000 t in 1981--12,300 t in the U S. Fishery Conservation
Zone and 700 t for waters under Alaska jurisdiction. The 12,300 OY was increased
(on a one-time basis) to 14,349 t to facilitate the transition of the foreign
fishing year froma Novermber to Cctober basis to a January-Decenber (cal endar year)
basi s.

°An additional 700 t was allocated to waters under Al askan jurisdiction

‘The or in the area east of 140° Wis further broken down into the follow ng ranges:

8FO-%,135 t for east Yakutat and 470-1,435 t for the outer coast of southeastern
Al aska.



40

of Alaska continue. National Mrine Fisheries Service (NWFS), Al aska
Department of Fish and Game (ADF&G); Japanese, and Canadi an scientists
have rel eased tagged sablefish over the past several years. The results
of these experiments indicate that sablefish throughout the northeastern
Pacific are of one genetic pool. There is less agreenent as to the
degree of interchange of fish between regions. Wspestad (1981) reported
that interregional nmigration is snmall in conparison to stock size within
each region and agreed with previous reports (Low et al. 1976) (Wspestad
et al. 1978) that managenent of the resource is best conducted by geographic
region. Bracken (1982), however, described an analysis of Qulf-wide

sabl efish tagging data and suggested that sablefish nove extensively
throughout the @ulf of Alaska. The analysis showed that fish under 60 cm
tended to move westward, while those 60 cm or greater tended to mgrate
east war d.

Bracken (1982) also presented a conceptual nodel that identified
sout heastern Alaska and British Columbia as a pooling area for large fish
and showed that nuch of the spawning occurs in that region. Small fish
i nhabit the shallow, nearshore areas and then enter deep water in their
third or fourth year. From there, a significant portion of the fish
mgrate to the open ocean and nobve westward until they reach maturity.

A large portion of the mature fish then migrates back into the eastern

Qlf to spawn. Bracken concluded by reconmendi ng managenent of sablefish
as a single stock, Gulf-wide, with OY prorated over all management areas
and suggested that |ower harvest |evels throughout the Qulf of Al aska woul d
speed rebuilding of the depleted spawning population in the southeastern

statistical area.
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Beam sh and McFarlane (1983) concluded fromtheir tagging studies
that a large portion of juvenile sablefish reared in Queen Charlotte Sound
and Hecate Strait, British Colunmbia, moves north to Culf-of A aska waters.
On the other hand, nost of the tagged adult sabl efish were recovered cl ose
to the release area, indicating that the adult population is conposed of
subpopul ations or groups. Based on these results, they contended that adult
sabl efish in the Canadian zone shoul d be managed separately and not as part
of one large stock off the west coast of North America. In a review of US.
taggi ng studies, Dark (1983) found what appeared to be a sinilar northward
movenment of small sablefish (40-65 cm) that had been rel eased of f Al aska
and Washington, and |ess noverment of fish larger than 65 cm Charrett et al.
(1983) re-exam ned el ectrophoretic data on sablefish. Their new interpretation
suggested that some geographic separation of genetically distinct stocks
exists. They separated eight Gulf of Alaska collections (excluding seanmount
sanples) into groups with major divisions at Kodiak I|sland, about 140° W |ong.
in the Yakutat area, and in the vicinity of Cape Addington in the southeastern
area.

Currently, managenent of sablefish in the Gulf of Alaska is by five
management regions--the western, central, Yakutat, southeastern (inside), and
sout heastern (outside) regions. Cearly, the questions of migration and stock

structure are basic to rational management of sablefish, but are yet unresolved.

Year-class Strength
The recruitment of the strong 1977 year class has been noted by Bal siger
and Alton (1981), Sasaki (1981), MFarlane and Beanmish (1983), and Funk and

Bracken (1984). The significant decrease in the nmean | ength of sablefish
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taken by the Japanese longline fishery fromwaters deeper than 500 mreflects
the initial harvest of the 1977 year class. The nean sizes for 1982 and

1983 are greater than or equal to the 1981 neans (Table 3). The greatest
increase occurred in the Yakutat area, although the sanple sizes there are

the smallest. The length frequency data for 1982 and 1983 (Figs. 1 and 2,
respectively) from the Japanese fishery show a high percentage of fish |ess
than 55 cm compared to data for earlier years [sumarized by Bal siger (19831).
This indicates that fish less than 4 or 5 years of age occurred in significant
nunbers in 1983, inmplying that other year classes (since 1977) are recruiting

to the fishery.

Catch per Unit Effort (CPUE) of the Japanese Longline Fishery

Until 1977, catch and effort statistics from the Japanese North Pacific
longline fishery provided consistent information for assessing the condition
of sablefish stocks in the GQulf of Alaska. The CPUE in terns of kil ograns
of sablefish per 10 hachi units of effort are shown in Table 4 for 1967-81.

Prior to 1974, CPUE was generally greater than 200 in all |NPFC areas.
In 1975, CPUE dropped to as low as 154 in the Shumagin area and was generally
about 185 in the other areas. In 1976, CPUE increased in all areas of the
@l f of Al aska. From 1976 to 1977, CPUE dropped in all areas with the
decline ranging from 13% to 34% and averaging about 25%

In 1978, fishing regulations were changed to permit Japanese longliners

to fish for Pacific cod, Gadus macrocephalus, in depths shallower than 500 m

in the Shumagin-Chirikof region. In 1979, the permission was extended to
the rest of the GQulf. Also in 1978, catch limts for the Japanese |ongline

fishery were inposed. This resulted in a shift of Japanese |ongline fishing
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Table 3.--Average size (cm) of sablefish, taken at depths greater than 500 m
by the Japanese longline fleet in the Gulf of Alaska, by International
North Pacific Fisheries Conm ssion statisticalarea, 1969-83.

Year All areas Shumagin Chirikof Kodiak Yakutat Southeastern -

1969 67.2 - 65.2 - 68.7 --
1970 66.2 - -~ 0.5 67.8 68.6

1971 65.4 61.4 60.6 . 63.6 66.3 66.0

1972 . 62.3  62.4 60.8 60.8 63.9 63.5

1973 62.8 63.2 61.2 63.7 63,7 64.4

1974 -- - - - - -

1975 67.1 66.4 - S — 67.9

1976 el 66.3 65.5 64.1 65.9 68.4

1977 64.7 -- 60.9 - 64.6  65.0

1978 67.4 65.8 67.0 67.0 69.9 -

1979 - 66.3 64.7 | 63.5 " 63.5 --

1980 -- 60.4 60.9  61.8 59.1 --

1981 o - ~ 58.9 - 56.1 59.7 55.8 - --

1982 -- 58.9 58.4 60.3 59.3 -

1983 -- 60.8 58,9  60.4 59.2 . ==
Average 64.6 64.5 62.0 63.5 66.3 65.7
(1969-78)

Source : Persohal cdrmuni cation with Sueto Mirai, U.S. Fdrei gn Fisheries Chser ver

Program Northwest and Al aska Fisheries Center, National Marine Fisheries Service,
NOAA, 7600 Sand Point Way N.E., Bin Cl15700, Building 4, Seattle, WA 98115.
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Figure 1 .--Length frequency of sanples of sablefish collected by US.

observers aboard Japanese |ongline vessels fishing deeper
than 500 min the Gulf of Alaska in 1982.
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effort toward Pacific cod in depths 100-300 m whereas in the past all
effort was directed at sablefish in depths generally greater than 500 m
Since target effort cannot be detected in the statistics reported by the
Japanese, this source of information is available only through 1977. (kada
et al. (1982) provided Gulf-wide CPUE's in an attenpt to continue this data
series (Table 4), but it is not clear how it was determ ned how nuch effort
was specifically directed at sablefish. These |atest data points show

significant increases in 1980 and 1981.

U S. Foreign Fishery Observer Data

From observer data on the depth of the fishing gear, Japanese |ongline
effort in the @Qulf can be categorized as effort which was directed at Pacific
cod--depths shallower than 300 m or effort which was directed at sablefish--
depths deeper than 500 m (Bal siger and Alton 1981).

Japanese longline CPUE for trips directing effort only at sablefish is
shown in Tables 5 and 6. Conparing the conmbined CPUE's for the Shumagin to
Yakutat region, 1977-80, it appears that a 25% decline occurred from 1977-79,
but that in 1980 the stocks recovered to about the 1977 level. In 1981, CPUE
was up sharply in the Chirikof and Kodiak areas, but down significantly in
the Yakutat area. It should be noted that observer coverage in the Yakutat
area in 1981 was about 0.8% which was considerably |ess than for any other
area or year conbination (Table 7). This raises sone question as to the
accuracy of this particular statistic since the Yakutat area provided a mmjor
part of the Japanese longline catch of sablefish in 1981 (Table 8).

The increasing trend in CPUE continued into 1982 in each INPFC area,

with the greatest increase being in the Yakutat area--additional evidence
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Table 4 .--1ndices of sablefish abundance in the GQlf of Al aska, 1967-79,
catch per unit effort (kg/l10 hachi).

South- Shumagin-

Year Shumagin Chirikof Kodiak Yakutat . eastern Southeastern
1967 184 234 175 175 301 - 212
1968 153 226 272 282 257 263
1969 239 246 239 238 229 235
1970 221 - 245 266 255 229 ‘ 235
1971 177 206 207 : 223 204 207
1972 220 198 ‘ 210 203 207 208
1973 214 216 213 1206 203 209
1974 181 191 © 185 C 191 195 190
1975 154 188 181 186 . 184 177
1976 165 210 182 196 191 . 186
1977 144 133 133 ‘ 142 139 . 139
1978 a a 136 137 ' b 135
1979 a ‘ a 60 74 b 109
1980 a a a B a b 122
1981 a a a . a b

151

%rior to 1978, Japanese longliners were not pernitted to fish in depths
shal | ower than 500 m Since 1978, sone of these longliners have been pernitted
to fish in waters shallower than 500 m for Pacific cod. Therefore, the total
longline fishing effort no longer reflects total effort on sablefish.

®No foreign longlining has been permitted east of 140°W |ong. since 1978.

Source:: Okada et al. 1982.
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Table 5.--Catch per unit effort (t/1000 hooks) for sablefish in Japanese |ongline
fishery for observed hauls from > 500 m depth as determined by U S
observers in the Qulf of Alaska, by International North Pacific Fisheries
Conmi ssion statistical area, 1977-83. Nunbers of observed hooks in
t housands is shown in parentheses

Shumagin-Yakutat

Year Shumagin Chirikof Kodiak Yakutat Southeastern 1050 h 10kgachi
1977 «237 (191) --= «247 (510) .361 (500) .428 (773) .293 132
1978 .236 (549) .204 (4%4) .241 (1,525) .232 (1,155) a .232 104
1979 .140 (1,041) .202 (931) .228 (1,781) .268 (1,359) a +216 97
1980 .286 (273) <275 (211) ‘.350 (347) .254 (209) - a .298 134
1981 .238 (375) «419 (220) +491 (203) «194 (104) a +33¢ 150
1982 .480 (383) .483 (253) «641 (213) «527 (121) a .522 235
1983 .397 (226) .403 (105) .439 (123) 441 (723) ‘a .429 193

®The area east of 140°W in the Yakutat area was closed to foreign |onglining
begi nning in 1978.

Table 6.--Catch per unit effort (t/1000 hooks) for large sablefish (67 cm and
greater) in the Japanese longline fishery for hauls from >500 m depth
as determined by U S. observers in the Qulf of Al aska, by Internationa
North Pacific Fisheries Commi ssion statistical area, 1977-83.

Shumagin-
Year Shumagin Chirikof Kodiak Yakutat Southeastern Yakutat
1977 «123 —-——- « 169 <211 « 269 . 179
1978 . 140 107 . 141 . 126 : a «132
1979 . 085 . 109 A <117 . 149 a « 117
1980 «133 . 100 + 174 .086 . ‘ a . 131
1981 .112 130 . 167 .037 a <122
1982 106 .087 <176 .JQ? a « 132
1983 . 125 .095 . 146 . 143 a . 136

®The area east of 140°W in Yakutat was closed to foreign longlining beginning in 1978



49

Table 7.--Percentage of Japanese longline catch taken with U S
observers aboard, by International North Pacific
Fi sheries Conmission statistical area for 1977-83.

Year Shumagin Chirikof  Kodiak Yakutat . Southeastern

1977 2.0 0 . 5.6 4.2 8.3
1978 13.3 16.5 21.9 10.7- -
1979 34,5 21.9 | 23.8 19.3 -
1980 14.9 10.9 13.1 5.1 =
1981 . - 16.0 14.3 9.6 0.8 -
19820 . 21.8 14.3 13.6 5.7 -
1983 - . 44.3. | 40.5 -~ 15.1° - 32.4 -

Table 8.--Distribution of Japanese longline catch of sablefish (t) in
the Gulf of Al aska, by International North Pacific Fisheries
Conmi ssion statistical area, 1977-83.

Year Shumagin : Chirikof ' Kodiak Yakutat
1977 : 2,316 | 963 . | 2,252 4,258
1972 1,173 761 . 1,676\‘ s 2,491
1979 775 .. 1,059 1,723 | 1,890
1980 705 | 1,204 1,032 1,154
1981 1,225 1,345 1,167 2,507
1982 1,212 . 1,126 1,055 12

1983 1,062 o 1,098 ‘ 847 990
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that the low 1981 value was a poor estimator. The 1982 CPUE val ues, by
area, are the highest in the 6-year series with the overall value being 56%
greater than 1981, and approximately 75% greater than 1977 or 1980. The
1983 CPUE value, on the other hand, declined by 18% from that of 1982

If these CPUE estimates (expressed in units of t/1,000 hooks) are
converted to kg/10 hachi by assuming 45 hooks/hachi, then the CPUE data from
the observer program can be conpared with the CPUE records for the Japanese
longline fleet from 1967 to 1977 (Table 4). The two tine series overlap
for 1977 in which year the observer CPUE of 135 kg/10 hachi is nearly equa
to the 139 kg/l10 hachi from Japanese catch statistics. The 1982 estimte of,
235 kg/10 hachi is the sane as the 1969 and 1970 values. The southeastern
| NPFC area, however, has not been fished by the Japanese since 1977. Based
on the mean fish lengths for 1969 and 1970, conpared to 1982 (Table 3), the
catches in earlier years consisted of larger fish or fewer small fish. It
is also likely that nore than 45 hooks were fished per hachi in these earlier
years. If catchability of longline gear has remained constant over the years,
these data suggest that the abundance of sablefish in 1982 was simlar to
that in 1969 and 1970 when the fishery first expanded, although the present
structure of the population has a greater proportion of smaller and younger
fish., Sasaki. (1983a) came to a sinilar conclusion for the Japanese |ongline
survey data for which the 1982 abundance index was 19% greater than it was
for a sinmilar 1969 Japanese survey.

The conparison of the 1982 catch rates with the earlier years shoul d:
be used cautiously because CPUE has. probably not renmined proportional to

stock abundance over these 14 years. As discussed in the FMP, increasing
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experience and technol ogi cal inprovenents in gear and vessels as a fishery
devel ops tend to maintain high catch rates even as a stock declines. In
addition, longline gear with its linited catch potential is easily saturated
such that stock abundance nust decrease for sone tine before CPUE is
affected

The CPUE rates for the Japanese longline fishery 1977-83 were partitioned
into three fish-size categories--snall (<57 cm, nedium (57-66 cm, and
large (>66 cn) as shown in Figure 3. The CPUE for small fish increased
significantly for the four areas (Shumagin, Chirikof, Kodiak, and Yakutat)
beginning in 1980. The 1982 val ues, which averaged 0.130 t/1, 000 hooks
and the 1983 val ues, which averaged 0.092 t/ 1,000 hooks (down 29% from
1982) are approximately 10 times greater than the 1977-79 values. The
increasing trend in the mediumsized category first occurred in the
Chirikof and Kodiak areas in 1979. Increases in the Shumagin and Yakutat
areas did not follow until 1982. The 1982 val ues, which average 0. 261
t/ 1,000 hooks, are approximately double the 1977-79 values. The 1983
average of 0.201 t/1,000 hooks is 23% | ower than the 1982 average. The
increases in CPUE are apparently the result of the recruitnment of the
strong 1977 year class to the Japanese longline fishery. The CPUE for
the large fish, which was probably in a depressed condition prior to
1977, has remained relatively stable over the 7-year span, except for
the major increase in the Yakutat area in 1982, which nay be largely the
result of the large, previously discussed, sanpling error in 1981. In
summary, these data suggest that the increase in the stock biomass from

the recruitment of the 1977 year class has |eveled off.
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Figure 3.--Catch per unit effort (CPUE) (in t/1000 hooks) for small (<.57 cm,
medi um (57-66 cn), and large (>66 cn) sablefish taken by Japanese

longline vessels at depths >500 m as determined by U S. observers
1977- 83.
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Japanese-U. S. Cooperative Longline Survey

Japan and the United States have cooperatively conducted an annua
longline survey since 1978 in the @ulf of Al aska which, in recent years,
has expanded to the Aleutian and Bering Sea areas. The objective of the
survey is to study the stock condition of sablefish and other |ongline-caught
species. The relative abundance and size structure of sablefish in the
northeastern Pacific and Bering Sea based on the results of these surveys
have been updated by Sasaki (1983a, b and 1984a, b) for years 1979-83
including a conparison with a 1969 Japanese survey in the Qlf of Al aska,
The index of biomass referred to as relative population weight (RPW is a
summation of the CPUE in units of catch weight for the longline gear for
each of several depth categories nultiplied by the area of the fishing
grounds which lies in those depth categories. |Index values have been
summarized by INPFC area, bottom depth interval, and fish-size category
for 1979-83 (Table 9). Results of the 1978 surveys were excluded
because the fishing techniques were not standardized until 1979.

In general, RPWfor the Qulf increased 70% between 1979 and 1980
Approxi mately 80% of the relative biomass occurs within the 101-400 m stratum
shal lower than the target area for the directed longline fishery. From 1980
to 1982, the index for the interval 401-1,000 mincreased nore or |ess
uniformy in all five INPFC statistical areas. For this depth stratum the
1982 index was approximately 100% greater than that for 1980 in the Shunmgin,
Chirikof, Kodiak, and Yakutat areas, and 43% greater in the southeastern
statistical areas. Overall, the 1983 RPW declined 5% although it did increase
in the Shumagin and Kodiak areas. The RPWfor fish longer than 58.1 cm
i ncreased 73% between 1979 and 1982, but decreased 8.3% in 1983. In the

Shumagin area, relative biomass has increased annually, while in the Chirikof
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Table 9.--Relative popul ation weight (RPW as an index of sablefish biomss
for the Gulf of Alaska, by International North Pacific Fisheries
Conmi ssion statistica. area, 1979-83.

Year Shumagin Chirikof  Kodiak Yakutat :Z::Z;n ‘ ‘Tbtal
Total
1979 11,580 61,237 55,413 35,148 25,324 188,702
1980 17,819 57,951 57,945 52,437 27,982 214,134
1981 © 27,851 52,437 51,640 66,712 51,123 249,763
1982 41,309 8?,115 - 79,715 67,076 44,752 319,967
1983 52,409 73,761 83,812 ’51,175 '39,329 297,486
101-400 m
19794 - -- - . - -
1980 ° 12,739 51,319 48,955 44,994 18,658 176,665
1981 20,888 45,183 39,030 55,991 38,510 199,602
1982 31,353 72,125 60,026 51,872 31,453 246,829
1983 41,247 61,006 | 67,807 40,951 23,250 234,261
401-1000 m
19792 - -— -- -~ -- --
1980 5,080 6,632 8,990 7,443 9,324 37,469
1981 6,963 7,254 12,610 | 10,721 12,613 50,161
1982 9,956 14,990 19,689 15,204 13,299 73,138
1983 11,162 12,755 16,005 10,224 13,079 63,225
Fish >58.1 cm
1979 . 7,493 37,284 40,053 25,224 19,891 129,945
1980 11,121 39,120 | 31,006 25,445 16,593 123,285
1981 16,431 35,662 32,868 46,292 40,207 171,460
1982 32,642 64,381 55,377 39,631 33,088 225,119
1983 39,663 | 52,638 53,238 32,697 28,032 206,268

*DAara ot avai T abl € Decause ol Fnconprete stZe conposriion by depth.

Sour ces: Sasaki 1983a and Sasaki 1984a.
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and Kodiak areas it increased between 1981 and 1982. In the Yakutat and

sout heastern areas, the increases in these nmedium and |arge sabl efish

occurred between 1980 and 1981 and has since decreased each year. From

1979 to 1983 the overall increase for fish greater than 58.1 in the Shunagin,
Chirikof, Kodiak, and Yakutat areas has been 62% This increase is consistent
with the 69% increase in CPUE fromthe U S. Cbserver data for fish |onger

than 57 cm west of 140° W long. taken in depth strata deeper than 500 m

U S. Pot Index Survey

The NVFS pot index survey conducted annually since 1978 has provided
anot her assessnent of the sablefish stocks in the southeastern area to replace
the foreign longline fishery statistics. Based on the 1978-80 surveys,
Zenger and Hughes (1981) estimated that acceptable biological catch (ABC)
for June 1980-May 1981 shoul d not exceed the previous season's harvest of
2,580 t. An unknown fraction of this harvest, however, actually occurred
in the Cape Spencer area which, along with the Cape Cross index site, is
technically in the Yakutat area (in INPFC terns). The population index for
the 1981 pot survey (Zenger 1981) appeared to be down about 50% from the
previous years (Fig. 4). Results fromthe 1982 survey were still slightly
lowr. Unfortunately, this survey encountered problems with weather, and two
stations-- Cape Cross and Cape Omraney--were fished with what was believed
to have been inferior bait. A test conparison of baits, conducted in the
spring of 1983, found no detectable differences in catch rates between the
1982 bait and fresh bait."

The 1983 survey showed a slight inprovenent in the catch rates of

mar ket abl e-si ze sablefish (equal to or larger than 57 cn) at all four index

Y Ppersonal communication with Jeff Fujioka, Northwest and Al aska Fisheries

Center, Auke Bay Laboratory, P.O Box 210155, Auke Bay, AK 99821.
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sites (Fig. 4). The greatest increase occurred at Cape Mizon and the
smal | est at Cape Cross--one of the nmajor domestic fishing grounds. Prelininary
results fromthe 1984 survey showed a slight decline in catch from 1983

(Fig. 4). The catch rates for the two northern sites, Cape Cross and Cape
Ommaney, continued to increase, but the rates at the two southern sites, Cape
Mizon and Cape Addington, decreased to the 1982 levels. The pattern of
decreasing catch rates between 1980 and 1981 for the pot survey index runs
counter to the increases of the RPWindex for nmarketabl e sablefish for the
same 2 years in the Yakutat and southeastern areas. Also, the increasing
trend for the two northern sites is opposite of the trend in RPWval ues from
the longline survey for Yakutat and southeastern Alaska. There is no indication

in the pot survey data of a strong year class recruiting to the fishery,

Donestic Fishing Rates in Southeastern Al aska

The CPUE data for the domestic longline fleet operating on the offshore
grounds of the southeastern |INPFC area have been exam ned for each year
1980-84. 2/ Funk standardized fishing effort to the new circle hook gear,
because al nost all vessels had converted to this nore efficient gear in 1984.
The adjusted CPUE val ues show little change in sabl efish catch rates between
1983 and 1984 (Fig. 5-A). In addition to the gear change, many new vessels
entered the fishing in 1984. To examne the CPUE data of experienced fishernen,
Funk selected a subset of vessels on which the sane captain had fished in both

years. For this subset, the standardized CPUE increased by 44% in the period

1983-84 (Fig. 5-B).

Z'personal communication with Fritz Funk, Al aska Department of Fish and Gane,
P. 0. Box 3-2000, Juneau, AX 99802.



58

A Bl Vessals: Standardtzaed Clrcle Hook CPUE

1.5/

X
°
o
T
L
9
a
“
a
i
B Cora Fleet: Standardlized Circle Hook CPUE
1.57
l—-
X
]
e
T
L
v
o
w
o
o
.5
0 - | |
82 83 g4

Figure 5. --Catch per unit effort (CPUE) for sablefish taken by U S. longline
vessels in the northern offshore grounds of the International
North Pacific Fisheries Conmm ssion southeastern statistical area,
standardized to circle hook gear: (A) all vessels, 1980-84;
(B) selected core fleet, 1983-84 (Fritz Funk, Al aska Departnent
of Fish and Gane, P.O Box 3-2000, Juneau, AK 99802. Pers. conmun.).
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The combination of these CPUE trends for the entire fleet 1980-83
and for the subset 1983-84 parallels the trend for the two northern pot
index sites. Both indices apply to the same general fishing grounds in the
northern portion of the INPFC southeastern area; Conpared to the indices
of abundance fromthe Japanese longline survey, this trend is simlar to
RPW val ues for the 401-1,000 m depth zone. The other RPWindices shown in

Table 9 show a steady decline fromthe 1981 peak val ues.
POTENTI AL Yl ELD

Estimates of Maxi mum Sustainable Yield (MY)

Al though the sabl efish resource is nmanaged by regions, the long-term
productivity in each region is assuned to be related to the overall condiiton
of the resource. Japanese and U S. scientists have estimated MSY of the
resource as a whole and apportioned MSY to each region based on historic
production trends. The Japanese estimate of MSY for the entire resource
from California to the Bering Sea is 69,000 t. Using essentially the sane
general production nmodel as the Japanese, but with a different weighting of
data anong regions, Low and Wespestad (1979) estimated MSY for the California
to Bering Sea resource at 50,300 t.

By region, historical catches were Bering Sea (25%, Al eutian region
(4%, @lf of Aaska (47%, and British Col unbi a-Washington region (25%.

The apportioned MSY estinmates were then conpared to MSY estimates derived by
appl ying general production nodels, region by region. The resulting nean
and overall estimate of MSY was 25,100t for the @ulf of Al aska (Low and
Wespestad 1979). This estimate updated the MSY range of 22, 000-25, 000 t

used in the Fishery Mnagenent Plan. Production nodels are nobst appropriate
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for relatively short-lived stocks in which annual recruitment is relatively
stabl e. It is questionable whether tine-series of catch and effort data are
appropriate for use in general production nodeling of sablefish stocks,
given that the lifespan of sablefish may be much |onger than previously
thought and that the fisheries are apparently supported by infrequent strong

year classes (MFarl ane and Beam sh 1983).

Equilibrium Yield

The determination of equilibriumyield (EY) values for past years is
docunented by Bal siger (1983) and Stauffer (1983). Annual adjustments in
EY for the areas west of 140° W long. have been based on changes in annua
CPUE of the Japanese longline fishery and estimtes of MSY derived from
surplus production models of the foreign longline fishery. For the areas
east of 140° W EY was based on annual landings prior to 1980. In 1982, EY
in the eastern region was reduced by 50% because of the decline observed in
the U S. pot index between 1980 and 1981. The EY established in 1982 was
not nodified for 1983 even though the condition of the resource appeared to
be inproving.

Current EY for sablefish should be based on an assessnent of the
resource that incorporates information on the nmagnitude of the 1977 year
class and updates estimates of growh and nortality paraneters, Funk and
Bracken (1984) wutilized an age structure nodel to project future biomass
| evel s and annual surplus production. Their nodel analysis is sensitive to
initial age conposition and bionass values and the projected average |eve
of recruitnment. They initiated the mdel with the 1982 age conposition
that they determined from a length frequency analysis of the 1982 Japanese

longline survey. They assumed constant recruitment for age-3 fish and set
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it at the average abundance of the 1976, 1978, and 1979 year classes that
they estimated from the Jlongline survey data. The model was run using biomass
estimates of 171,240 t (derived from surplus production modeling of historic
CPUE data) and 256,481 t (derived from a comparison of the 1982 RPW values

to biomass estimates from trawl surveys in the Aleutian Islands reported

by Sasaki [1983b] ). They forecast annual surplus production values for 1984
at 19,200 t and 26,100 t, respectively. These are approximately double the
EY range of 10,965-12,630 t for 1982 and 1983. The increase 1in various
indices of the sablefish stockswest of 140° W. 1long. between the late 1970."s
and 1983-84 support an increase in EY from the low of 8,540 t in the western
half of the Gulf.

The trends in the indices for the area east of 140° W. long. suggest
that the condition of the resource is stable and has not undergone a
strong improvement.

Sasaki (1984b) presents new and revised sablefish biomass estimates
derived from additional comparisons of area-swept biomass estimates from
trawl surveys and 1983 RPW values for the Gulf. These estimates are 213,800,
509,700, and 643,200 t. Because of the wide discrepancy in these estimates,
and the tentative nature of the results from the age-structure model of Funk
and Bracken, EY estimates based on Sasaki"s biomass figures are tentative.

In the summer of 1984, the United States and Japan cooperated in a
Gulf-wide trawl and longline survey. The forthcoming results from this
research will hopefully provide an appropriate estimate of current sablefish
biomass and the geographic distribution of the stock within the Gulf of
Alaska. Until these data are available, the only estimates of EY for the

Gulf of Alaska are the range of 10,965 t to 26,100 t.
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In past years, the apportionnment of EY among |NPFC areas was based on
historical catch patterns. A nore appropriate criterion for apportioning
EY is the RPWestimates by INPFC area for the recent longline surveys and
the biomass estimates forthcoming from the 1984 trawl survey. Based on the
average RPW figures for 1983 and 1984 surveys, the percentages for the
Shumagin, Chirikof, Kodiak, Yakutat, and southeastern INPFC areas would be
14.1% 24.1% 24.5% 17.7% and 19.6% respectively. This assumes, as
proposed by Funk and Bracken (1984), an additional anmpunt of sablefish for
the inner waters of the southeastern INPFC area that are not surveyed by

the Japanese longline vessels.
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PACI FI C CCOD
by

Harol d H Zenger, Jr.

| NTRODUCTI ON

In North American waters, Pacific cod, Gadus nacrocephal us, occur on

the continental shelf and upper slope from Santa Monica Bay, California
(34° N lat.) through the Qulf of Al aska, A eutian Islands, and eastern
Bering Sea to Norton Sound (Bakkala et al. 1981).

Since 1977, the inportance of Pacific cod in the Qulf of Al aska
groundfish catches has grown, increasing from 2,256 metric tons (t) in
1977 to 36,401 t in 1983 (Table 1). Pacific cod conprised 12.4% of the
total Qulf-w de groundfish catch in 1983, down froma high of 16.5%in
1980 (Table 2).

At this tine, nanagenent of Pacific cod in the Gulf of Alaska has not
reached a critical point since the stocks are relatively healthy and the
optimum yield (OY) of 60,000 t is well above recent harvest |evels. However,
as geographic restrictions on foreign longline effort in the central Gulf

of Alaska increase (nost specifically for sablefish, Anoplopona finbria),

pressure to increase allocations of Pacific cod to foreign fisheries in
the western Gulf may grow accordingly. It may then becone necessary to
review the proportional distribution of cod catch quotas anong the North
Paci fic Fishery Managenent Council (NPFMC) eastern, central, and western
regul atory areas.

Pacific cod are taken primarily with longlines and trawls. Foreign
trawm catches of cod are largely incidental to fisheries for other species,

and | onglines catch nmost of the total allowable |evel of foreign fishing
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Table 1.--Catch (t) of Pacific cod in the Gulf of Al aska, by fishery
category, 1971-83a.

Republic
of
Year Japan U.S.S.R AKorea Poland Mexico ‘ J.V. U.S. Total
4
1971 461 176 -- - -- -= 44 681"
1972 830 2,696 - -- - -- 65 3,591
1973 2,590 3,395 - -- ‘ - - 59 6,044
1974 2;951 2,136 -- -- - -- - 146 5,233
1975 .3,252 2,551 -- - -- - 130 5,933
1976 3,291 2,995 -- -- -- - 221 6,507
1977 1,243 744 -- -- - - 269 2,256
1978 8,846 1,141 1,369 14 7 785 12,162
1979 10,428 835 844 127 939 711 985 14,869
1980 30,582 1,942 1,666 55 - 466 612 35,323
1981 27,768 . - ’ 7,066 135 - .58 1,061 36,088
1982 24,450 -- 2,486 - - 193 2,250P 29,379

1983 28,531 - 1,246 - - 2,426 4,198 36,401

®Foreign catches 1971-76 are foreign-reported catches; foreign catches
1977-83 are best blend estinates.

“Erroneously reported as 6,434 t in Zenger (1984) because of a reporting
error in the International North Pacific Fisheries Conm ssion Shumagin
statistical area.

Sources:  Foreign catches 1971-76: Forrester et al. 1983. Foreign

catches 1977-83 and joint venture catches 1978-83.: Berger et al. 1985.

U S. catches 1971-80: Rigby 1984. U. S. catches 1981-83: Pacific Fishery
Information Network (Pac FIN), Pacific Marine Fisheries Conmm ssion, 305
State Office Building, 1400 S.W Fifth Avenue, Portland, OR 97201.
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of Pacific cod in the @ulf of Al aska, by
North Pacific Fisheries

Conmi ssion (INPFC) statistical area, 1971-83.
Nation Year
and ) . ‘ . :
INPFC 1977 1978 1979 1980 1981 1982 1983
area
Japan
Shumagin 358 4,073 3,067 6,624 9,032 6,491 8,102
Chifikpf 286 . 3,537 5,598 17,403 14,807 12,318 14,600
Kodiak 353 971 1,414 4,551 2,334 3,571 3,870
Yakutat 231 199 294 1,961 1,517 2,070 1,959
Southeastern 15 66 55 43 78 - -
Total 1,243 8,846 10,428 30,582 27,768 24,450 28,531
U' S'.SO Rn
Shumagin 315 86 6 361 - - -
Chirikof 56 995 165 906 - - -
Kodiak 373 60 663 .675 - - -
Yakutat - - 1 - - - -
Total 744 1,141 835 1,942 - - -
~ Korea
Shumagin i 1,361 788 1,627 2,241 539 533
Chirikof - 8 - - 4,069 1,850 706
Kodiak - - -- -~ 25 97 4
Yakutat - - 49 39 731 - 3
Southeastern - - 7 - - -_— -
Total - 1,369 844 1,666 7,066 2,486 1,246
Poland
Shumagin - - 9 9 © 41 - -
Chirikof - - 118 46 94 - -
Kodiak - 14 - - -— - -
Total - - 14 127" 55 135 -- -
Mexico
Shumagin -— ~-— 100 - - - -
Chirikof - - 376 - - - -
Kodiak - - 463 - - - -
Total - 939 - - - -—
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Table 2.--Continued.

Nation ' . Year
and ‘ ‘
INPFC 1977 1978 1979 1980 1981 1982 1983
area
U.S./Foreign
joint ventures
Shumagin - ‘ 7 1 13 - 21 469
Chirikof - -— 17 223 58 167 342
Kodiak : -— — 683 230 - 5 1,615
Total -- 7 711 466 58 193 2,426

United States

Shumagin 53 64 - 71 265 292 74
Chirikof 16 167 267 49 87 26 27
Kodiak?@ 140 443 606 415 677 1,869 4,078
Yakutat 6 3 27 4 1 38 1
Southeastern 54 108 85 173 31 25 18

Total 269 785 985 612 1,061 2,250P 4,198

Grand total 2,256 12,162 14,869 35,323 36,h88 29,379 36,401

Percent of )
total ground- 1.2 7.2 8.7 16.5 14.0 12.5 12.4
fish catch

® May include small catches from |ower Cook Inlet.

“Erroneously reported as 6,434 t in Zenger (1984) because of a reporting
error in the International North Pacific Fisheries Comm ssion Shumagin
statistical area.

Sources:  Foreign and joint venture catches: personal comunication wth
Jerald Berger, US. Foreign Fisheries Chserver Program Northwest and

Al aska Fisheries Center, National Mrine Fisheries Service, NOAA Bin

C 5700, Building 4, 7600 Sand Point Way N E., Seattle, WA 98115.

U S. catches 1977-80: Rigby 1984. U S. catches 1981-83: Pacific Fishery
Information Network (PacFIN), 305 State Ofice Building, 1400 SSW Fifth
Avenue, Portland, OR 97201.
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(TALFF) allocation. In direct contrast, the vast majority of domestic and
joint venture catches are made with traw s.

Continued use of midwater trams in the Shelikof Strait pollock fishery
should linit incidental cod catches during that period of intensive
fishing effort. Directed tram and longline fisheries for cod are expected

to capture other species such as walleye pollock, Theragra chal cogramms;

rockfish; Pacific halibut; H ppoglossus stenolepis; and other flatfishes.

FI SHERY STATI STI CS

The catch of Pacific cod increased sharply in 1980 (from 14,869 to
35,323 t) and has since renmained roughly at that level. Three nations,
the United States, Japan, and Republic of Korea (ROK) and a nunber of
foreign joint ventures captured Pacific cod in the Qulf of Al aska during
1983. Landings by U S. fishermen reached a peak of 4,198 t in 1983, the
hi ghest since the salt cod fisheries closed over 30 years ago. Japan
harvested 28,531 t or 78% of the all-nation catch as opposed to an 83%
share in 1982. The ROK and the conbined joint venture fisheries harvested
1,246 and 2,426 t, respectively, in 1983 (Table 1).

As exenmplified by the 1982 and 1983 data given above, in recent years
Japan has harvested a vast majority of the Pacific cod taken fromthe GQulf.
Since 1979 approxi mately 50% of that nation's catch has come fromthe
International North Pacific Fisheries Commission (INPFC) Chirikof statistical
area. In contrast, U S. fishermen drew nost of their landings fromthe
Kodi ak area in 1982 and 1983 (Table. 2). In 1983, 67% of the joint venture

| andi ngs were taken from the Kodiak area al so.



74

Mst U S. landings were traw -caught, although longlines, gill nets,
and other gear types are currently being used to harvest Pacific cod
(Table 3). The Japanese continue to take the majority of their cod catch
in the Qulf of Alaska with longlines; whereas, the joint ventures and the
Koreans enploy trawers (Table 4). Since 1979 Japanese l|ongliners have
| anded 91-93% of that nation's annual Gulf-w de cod catch (Table 5).

The conbined Shumagin and Chirikof areas have produced from 68 to 85%
of the total catch of Pacific cod in the Gulf since 1978 (Table 6).

How greatly the variation anong those years depends on fishing patterns
or on the actual distribution of the species is a problem for further
consi deration.

Since the Mgnuson Fishery Managenent and Conservation Act (MCMA) of
1977 went into effect, various regulations have been inplemented by the
NPFMC that affect cod fisheries in the Gulf of Alaska and have allowed
annual catches to reach present high levels. Anmendnent 2 to the Fishery
Management Plan for the Qulf of Alaska Goundfish Fishery (FMP) allowed a
year-round directed foreign longline fishery for Pacific cod west of 157°
W long. beyond 12 miles, beginning in 1979. Anendnent 4 pernitted
foreign longlining for Pacific cod from 140° to 157° W long. beyond 12
mles except that fishing would be closed within the 400 m isobath during
the U S. halibut season. Those regulations have allowed nore intensive
foreign exploitation of an unusually large year class or series of year
cl asses of Pacific cod.

The QY has varied somewhat since the concept was adopted by NPFMC.
In 1977 OY was established at slightly less than the previous year's total

catch. From 1978 to 1981 OY varied between 34,800 and 70,000 t, settling
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Table 3.--Annual U S. landings (t) of Pacific cod in the Gulf
of Alaska, by gear type, 1981-84.

Year

Gear type . 1981 1982 1983 19844
Groundfish trawl 735 . 2,048 4,002 1,752
Beam trawl ' 1 <1 - ‘ -
Shrimp trawl . 114 6 ‘ <1 -
Gill nets . : 13 .27 o 106 127
Longliﬁe | 194 164 63 184
Pots - -« <1
Troll 2 1 27 <1
Jig | 1 , 4 <1 <1
Gear unknown - ‘ <1 <1 -

Total 1,060 2,250 4,199 '~ 2,063

%Partial year's catch reported to 10 August 1984.

Source: Pacific Fishery Information Network (PacFIN), Pacific Mrine
Fi sheries Conmission, 305 State O fice Building, 1400 S.W Fifth Avenue,
Portland, OR 97201.
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Table 4.--Catch (t) of Pacific cod in the Gulf of Alaska, by fishery
category and vessel type, 1978-83.

Year
Fishery category
and
vessel type 1978 1979 1980 1981 1982 1983
Japan ‘ ‘
Sm. trawler 433 312 1,525 1,032 - 702 530
Lg. frz. trawler® 346 385 727 825 1,024 1,164
Surimi trawlerP 1,267 187 558 636 226 . 195
Longliner 6,800 9,545 27,771 25,274 22,499 26,642
U.S.S.R. ‘
Lg. frz. trawler 1,140 B35 1,942 - ‘ - -
Koréa
Sm. trawler - -- - ) 988 237 68
Lg. frz. trawler 1,369 844 1,657 6,074 2,249 1,127
Longliner" - -= 9 3 T 51
Poland ‘
Lg. frz. trawler 14 127 55 135 - -
Mexico ‘
Sm. trawler - 833 - -— -— -
Lg. frz. trawler -- 56 - -- - -
Joint venture
Mothership ‘ 7 711 466 58 193 2,426
Total 11,376 13,885 34,710 35,025 27,130 32,203

% 'n 1978 and 1979, catches were reported as being from nediumtraw ers.
°I'n 1978 and 1979, catches were reported as being from large traw ers.

Source:  Personal comunication with Jerald Berger, US. Foreign Fishery
(bserver Program Northwest and Al aska Fisheries Center, National Marine

Fi sheries Service, NOAA Bin C15700, 7600 Sand Point Way N. E., Building 4,

Seattle, WA 98115.

T: Trace
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Table 5.--Japanese longline catch (t) tons) of Pacific cod by
International North Pacific Fisheries Conmission statistical
area, and the percentage of the Japanese all-gear catch that
was taken. by longline, 1978-83.

Area

‘ Total Percentage of
Year Shumagin Chirikof Kodiak Yakutat longline Japanese all-gear
) L catch catch
1978 3,812 2,972 15 2 " 6,800 77
1979 2,592 5,467 944 182 9,545 . 92
1980 5,958 17,061 3,228 ° 1,525 - 27,7M 21
1981 8,509 13,847 1,870 1,048 - 25,274 91
1982 . 5,582 11,631 2,945 2,070 22,499 ‘ S92

1983 7,600 13,568 3,515 1,962 . 26,642 93

Source:  Personal conmmunication with Jerald Berger, U S. Foreign Fishery
(bserver Program Northwest and Al aska Fisheries Center, National Marine
Fisheries Service, NOAA, Bin C15700, Building 4, 7600 Sand Point Wy N E.,
Seattle, WA 98115.
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Table 6. --Catch (t) of Pacific. cod in the Gulf of Al aska by
International North Pacific Fisheries Conm ssion statistical
area, 1977-83.

Year Shumagin Chirikof = 'Kodiak Yakutat Southeastern Total
1977 726 358 866 237 69 2,256
1978 5,591 4,707 1,488 202 174 12,162
1979 3,981 6,541 | 3,829 371 ‘ 147 14,869
1980 8,705 18,627 5,871 2,004 116 35,323
1981 11,579 19,115 3,036 2,249 ) 109 36,088
1982 7,344 14,361 5,542 2,107 25 29,379
1983 9,178 15,675 9,567 1,963 18 36,401

Source:  Personal conmunication with Jerald Berger, US. Foreign Fishery
(bserver Program Northwest and Alaska Fisheries Center, National Marine
Fisheries Service, NOAA, Bin C15700, Building 4, 7600 Sand Point Wy N E.,
Seattle, WA 98115.
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at 60,000 t in 1982 (Table 7). The distribution of OY is currently 28% 56%
and 16% in the western, central, and eastern regulatory areas, respectively.
(The western area is the Shumagin INPFC statistical area, the central area
is conmposed of the Chirikof and Kodiak | NPFC statistical areas, and the
eastern area refers to the conmbined Yakutat and southeastern | NPFC statistical
areas.) Proportional distributions of catches to the respective regulatory
areas have been relatively steady since 1979 (Table 8), although the
Chirikof statistical area has accounted for the largest |landings in the
central NPFMC regulatory area (Table 6). Catches of Pacific cod in all
three regulatory areas were well below the final allocations especially in
the eastern area (Tables 7 and 8).

Questions have arisen as to the present distribution of cod
abundance in the @lf. Results of 1981 groundfish trawl surveys showed
that 59% of the available biomass was |ocated in the western regul atory
area, 39% in the central and 2% in the eastern (Zenger and Cunmmings 1983).
Results of the second triennial Gulf of Al aska groundfish survey (summer
1984) should allow us to comrent further on this point in the near future.

Total initial allocations of Pacific cod for 1984 joint ventures. in
the Gulf (14,850 t) are approximately six times the total 1983 joint
venture catch of 2,426 t. Initial allocations to Domestic Annual Processing
(DAP) are alnost three tines as large as the 1983 U S. catch in the Qulf
of Alaska (Tables 1 and 7). The TALFF allocations, on the other hand,
reflect sizeable reductions--from 38,000 t in 1983 to 23,630 t in 1984.
The initial TALFF allocation is alnmst 6,000 t |ess than the 1983 total

foreign catch of Pacific cod.
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Table 7.--Allocations (t) of Pacific cod for the North Pacific
Fi shery Management Council western, central, and eastern
regul atory areas in the @ulf of Al aska, 1977-84.

Year and Initial ' Final
allocation West Central Fast Total . West Central East Total
1977
oyd ' 6,300
DAH 4,000
RES -
TALFF 2,300
1978 ‘ ,
oY ' 40,600 40,600
DAH 15,500 15,500
RES o 8,120 0
TALFF A ‘ 16,980 25,100
1979
oY 9,600 19,400 5,800 34,800 9,600 19,400 5,800 34,800
DAH 4,300 8,600 2,600 15,500 240 3,480 280 4,000
RES 2,730 5,570 1,700 10,000 500 850 150 1,500
TALFF 2,570 5,230 1,500 9,300 8,860 15,070 5,370 29,300
1980
oY 16,560 33,540 . 9,900 60,000 16,560 33,540 9,900 60,000
-DAP 240 3,480 280 4,000 740 1,588 230 2,558
-DNP 600 1,200 1,200 3,000 100 1,200 200 1,500
-Jvp 1,040 1,370 590 3,000 1,040 1,370 90 2,500
DAH 1,880 6,050 2,070 10,000 1,880 4,148 520 6,548
RES 3,312 6,708 1,980 12,000 - 0 0 0 0
TALFF 11,368 20,782 5,850 38,000 14,680 29,382 9,380 53,442
19810
oY 19,320 39,130 11,550 70,000 19,320 39,130 11,550 70,000
-DAP 280 4,060 327 4,667 480 1,060 127 1,667
-DNP 700 1,400 1,400 3,500 700 1,400 1,400 3,500
-Jvp 1,213 1,598 688 3,499 4113 598 188 1,199
DAH 2,193 7,058 2,415 11,666 1,593 3,058 1,715 6,366
RES 3,864 7,826 2,310 14,000 0 0 0 0
TALFF 13,263 24,246 6,825 44,334 17,727 36,072 9,835 63,634
1982 o . o ..
oY 16,560 33,540 9,900 60,000 16,560 33,540 9,900 60,000
-DAP 240 3,480 280 4,000 4,152 2,680 70 6,902
-DNP 600 1,200 1,200 3,000 - - - -
-Jve 1,040 1,370 590 3,000- 1,040 . 370 0 1,410
DAH 1,880 6,050 2,070 10,000 5,192 3,050 70 8,312
RES 3,312 6,708 1,980 12,000 0 0 0 0
TALFF 11,368 20,782 5,850 38,000 11,368 30,490 9,830 51,688
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Year and Initial ) Final
allocation West Central East Total West Central - East Total
1983 : :
oY 16,560 33,540 9,900 60,000 16,560 33,540 9,900 60,000
~DAP 840 4,680 80 5,600 552 4,680 80 5,312
-JVP 1,040 1,370 590 3,000 1,040 2,712 0 3,752
DAH 1,880 6,050 670 8,600 1,592 7,392 80 9,064
RES 3,312 6,708 1,980 12,000 0 0 0 0
TALFF 11,368 20,782 5,850 38,000 14,968 26,148 9,820 50,936
1984°¢ . : §
(0) 4 16,560 33,540 9,900 60,000
-DAP 500 11,700 120 12,320
-JVP 250 14,600 0 14,850
DAH 750 26,300 120 27,170
RES 3,312 3,708. 1,980 9,000
TALFF 12,498 23,830

3,532

7,800

%0Y = Optimum Yield; DAH = Donestic Annual Harvest; RES = Reserve;

TALFF = Total Allowable Level

of Foreign Fishing;

DAP

Donesti ¢

Annual Processing; JVP = Joint Venture Processing; DNP = Donestic
Nonpr ocessed Cat ch.

°Fi shing "year"

fishing years would coincide with cal endar years.

‘Initial allocation as of 1 January 1984,

1981 was extended to 14 nonths in order that subsequent
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Table 8. --Catch (t) of Pacific cod in the Qulf of Al aska,
by North Pacific Fishery Mnagenment Council regulatory
area, 1977-83.

Year Western Central . Eastern Total
1977 726 1,224 306 2,256
1978 ‘5,591 6,195 37é 12,162
1979 3,981 10,370 518 14,869
1980 . B,705 24,498 2,120 35,323
1981 11,579 ‘ 22,151 2,358 36,088
1982 7,344 19,903 2,132 29,379
1983 92,178 25,242 : 1,981 36,401

Source:  Personal communication with Jerald Berger, U S. Foreign
Fi shery Cbserver Program Northwest and. Al aska Fisheries Center,
National Marine Fisheries Service, NOAA Bin C15700, Building 4,
7600 Sand Point Way N. E., Seattle, WA 98115.
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CONDI TION OF THE STOCKS

Because the population structure of Pacific cod is poorly understood,
the resource is primarily managed by geographic subdivision. Thus the
Washington-California, British Colunbia, Aleutian Island, Bering Sea, and
Gl f of Alaska regions are each considered to have their own separate
stock. Discussions here concerning the condition of the Qulf of Al aska
stock are devel oped along three lines--resource assessment surveys, size
conposition, and catch per unit effort (CPUE) of the Japanese |ongline
fishery

Resource Assessnent Surveys
In February 1984 a groundfish survey was conducted aboard the NOAA ship

M I ler Freeman along the edge of the continental shelf between Kodi ak

Island and the Shumagin Islands. A subsection of this area (lying between
Al batross Bank and Chirikof Island) had previously been surveyed (Fig. 1).
Conparisons, although useful, are linited by certain considerations.

First, the time periods enconpassed by the surveys were sonewhat variable
(Table 9) and gear was not conpletely standardized. Second, although
Pacific cod was often an inportant catch conponent, it was not always the
target species. Finally, sanple patterns also were somewhat variable.

The nost conparabl e data sets, therefore, were fromthe 1979, 1980, and
1984 surveys. Catch rates show an increase between 1979 and 1980 with a
decrease in 1984 (Table 9). Biomass estimtes fluctuated broadly from
year to year as did the confidence intervals around them (Table 10).

Results of the 1984 M Il er Freeman survey yielded a biomass estimte

of 85,126 t of cod in the Al batross Bank to Chirikof |sland section
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Table 9.--Catch per unit effort (kilograns per kiloneter towed) of
Pacific cod fromMIler Freeman winter or spring trawl surveys
south of Kodiak. Island between Al batross Bank and Chirikof
[sland, 1977-81 and 1984.

Dates | Depth intervals (meters) -
Year (mo/day) ‘101-200 201-300 . 301-400 . Total
1977 2/7-3/6 © 28.0 1.6 - _ 25.1
1978 " 3/28-4/8 10241 214.0 ) 0.8 116.4
197§ '3/15-4/13  122.8 22.6 - | 101.5
1980 2/20-3/7 155.6 111.2 ‘ 4.6 115.5
1981 4/20-5/4 28.0 8.2 0.6 9.7
1984 2/9-2/15 . 65.6 65.6, 16.6 64.3

Tabl e 10. - - Bi onass (t) of Pacific cod estinmated from M1l er Freenan
winter or spring trawl surveys south of Kodiak Island,
1977-81 and 1984.

Year Biomass ) 90% Confidence interval

1977 | | 25,293 5,980 - 44,605
1976 . 208,438 0 - 435,674
1979 . 108,809 63,993 - 153,626
1980 . 167,465 118,766 - 216,164
1981 ' 122,643 | 17,724'- 27,561
1984 | 85,126 40,652 - 129,599
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(Figure 1), and 143,849 t (90% confidence linmits of 83,370-204;329 t)
in the Chirikof Island to Shunmagin Islands section. Applying the yield
equation of Gulland (1975); Y = 0.5 MBo where:
Y = yield in metric tons
M= estinmated force of natural nortality acting on the popul ation, and
Bo = estimated virgin bionass,
results in an estimated exploitable biomass of 45,800 t, approximtely

20,000 t nore than the total catch of Pacific cod fromthe conbi ned

Kodi ak and Chiri kof areas in 1983.

Si ze Conposition

Size conposition of Pacific cod changed considerably over the five
consecutive survey years, 1977-81. Figure 2 summarizes size conposition
data for all six surveys. In 1977 sanpled cod were nmuch smaller than in
other survey years. This may have been due in part to the lack of sanpling
along the outside edge of the continental shelf where subsequent surveys
expended nost effort. In 1979 recruitnent of the 1977 year class was noted
and during the 1980 survey, the 1978 year class was present in relatively
| arge nunbers. Recruitment was apparently weak in 1981 and 1984. Since
the area surveyed is small and the rest of the western Gulf went |argely
unsanmpl ed, some reservations must be expressed as to whether these results
shoul d be extrapolated to the rest of the cod producing areas in the
@Qlf. Little is known about the winter distribution of the stocks and
their geographical variability. Although the 1984 survey extended to the
Shumagi n Islands, no previous conparable surveys have been conducted.

The nost consistent, relatively long-term source of Pacific cod size

composition data fromthe @ulf of Al aska comes from the Japanese |ongline
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fishery. Length frequency data collected by the U S. Foreign Fisheries
(bserver Program from 1979 to 1983 are summarized by 3-nonth period in
Figure 3. Length frequencies are weighted by the catch of Pacific cod
from each quarter year. Resulting histograms show the relative contribution
to the total quarterly catch made by each centinmeter size group. During
the fourth quarter of 1979 a group of fish appeared in the 40-50 cm
interval, indicating the presence of the 1977 year class in the fishery.
The recruitnment of 3 year-old cod became nore notable during the foll owi ng
year, and, as the node noved to the right and strengthened, the 1977 and
possi bly the 1978 year classes grew into the najor contributors to the
Japanese longline fishery. In the fourth quarter of 1980 there was a
relatively large proportion of 40-50 cm cod once again, although the size
of the preceding year class was such that the 1977 and 1978 year classes
coul d not be separated by inspection of the frequency. histograns. In fact,
recruitnent has occurred every year and indications from the |ength
frequency histograms suggest that the 1977, 1978, and 1980 year classes
were relatively strong.

The Al aska Departnent of Fish and Game (ADF&G is collecting size
conposition data from U S. landings and joint ventures. Figure 4 shows
l ength frequencies of traw -caught Pacific cod for the first, second, and
fourth quarters of 1983."

During the 1984 @ulf of Alaska triennial groundfish survey, 6-8 cm
Pacific cod were found along Shelikof Trough northeast of Chirikof Island

(Fig. 1) in what appeared to be relatively dense sem pel agic schools.

Y Personal communication with James Blackburn, Al aska Department of Fish

& Gane, P.O Box 686, Kodiak, AK 99615.
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Pers. conmmun.).
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Thi's previously undocunented phenomenon coul d not be exam ned further
since plankton traw s were notavailable. The finding nmay show that a
maj or nursery area for age-0 Pacific cod and possibly walleye pollock is
in the region. An attenpt should be made to include that area in future

plans for the ongoing investigations of juvenile groundfish.

Catch per Unit Effort

Japanese longline catch per unit effort also gives a recent picture
of relative abundance of Pacific cod. In previous reports, 500 m was the
limt used to separate directed effort for cod from that for sablefish.

Cl oser exam nation shows that there is a relatively small anmount of catch
and effort fromthe 300 to 500 mdepth interval and that depths |ess than
300 m enconpass nost of the Japanese longline effort that is directed at
Pacific cod (Table 11).

Based on U S foreign observer data for 1979-83, the CPUE (tons/1,000
hooks) of cod taken in less than 300 m shows an increasing trend through 1982
and a slight decrease in 1983 in the Shumagin area, increases through 1983
in the Chirikof area, and in the Kodiak area, a decreasing trend through
1981, followed by a relatively large increase through 1983 (Table 12).

Ranked CPUE (kg/day) by species captured by the Japanese |ongline fishery
for Pacific cod is contained in Table 13. Cod always ranked highest with
Pacific halibut or sablefish second.

In 1979 Low et al. reported maxi mum sustainable yield (MSY) as
88,000-177,000 t and in 1982 MSY was reported as 95, 000-190,000 t based
on various Qulf of Al aska groundfish surveys that were perforned in 1980

and 1981 (Zenger and Cummings 1983). Wien the results of the 1984 Qulf
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Table 11 .--Catch per unit effort (nmetric tons per 1,000 hooks) of Pacific
cod by depth and International North Pacific Fisheries Conm ssion
statistical area in the @Qulf of Al aska,. 1979-83.

Year/ ‘
Depth (meters) Area
Shumagin Chirikof Kodiak Yakutat
1979
100-199 m 0.5718 0.5807 0.8334 0.1934
200-299 m 0.6099 0.7370 0.4127 Ns@
300-399 m NS 0 '0.1589 NS
400-499 m NS 0.1414 0 NS
1980 , ,
100-199 m 0.6225 0.5468 0.4036 ‘ NS
200-~299 m . 0.6707 0.6721 © 0.5693 NS
300-399 m 0.0478P 1.0672P NS NS
400-499 m NS NS o NS. 0
1981 ‘
100-199 m: - 0.6882 . 0.6459 0.3538 . -NS
200-299 m 0.7099 0.5535 0.4123 NS
300-399 m NS NS NS . NS
400-499 m NS NS NS NS
1982 : : : '
100-199 m 08228 0.6897 0.4556 0.0297
200-299 m 0.6884 0.6396 NS NS
300-399 m NS NS NS NS
‘ 400-499 m 0.1792 .~ NS NS NS
1983
0-99.m 0.8455 NS NS NS
100-199 m 0.7344 0.7645 0.4442 NS
200-299.m . 0.4452 0.6623 0.6235 0.3280
300-399 m 0.2205 NS 0.6141b NS
400-499 m 0 \ 0 NS NS

°NS: No sanpl e
“Very small sanple

Source:  Personal conmmunication with Jerald Berger, US. Foreign Fishery
(bserver Program Northwest and Al aska Fisheries Center, National Marine
Fisheries Service, NOAA Bin Cl15700, Building 4, 7600 Sand Point \Way N. E.,
Seattle, WA 98115.



95

Table 12.--Catch per unit effort (CPUE) for Japanese longliners derived
from sanples collected by the U S. Foreign Fisheries Observer
Programin the International North Pacific Fisheries Comm ssion
(I'NPFC) Shunmgin, <Chirikof; and Kodiak statistical areas, for
fishing depths shallower than 300 meters, 1979-83.

Total estimated .Total hooks CPUE for total Mean
Year/ sample catch fished .sample depth per
"INPFC area (metric tons) : (x1000) . (/1000 hooks) set (m)
1979 . ‘ . .
Shumagin 573.7 - 982.0 0.5842 217
Chirikof 798.5 ) ) 1,265.4 0.6310 199
Xodiak 135.3 197.9 " 0.6837 178
Combined
areas 1,507.5 2,445.3 . 0.6165
1980
Shumagin - 580.6 905.7 0.6411 192
Chirikof 1,031.9 ; 1,644.2 " 0.6276 210
Kodiak '126.6 - 251.0 ‘ 0.5044 213
Combined
areas "1,739.1 2,800.9 " 0.6209
1981 . ‘ _
Shumagin 911.2" 1,318.6 0.6910‘ 159
Chirikof 1,013.0 - 1,611.0 ’ 0.6288 168
Kodiak 49.4 136.9 0.3608 158
Combined ‘ ‘ ‘
areas 1,973.6 3,066.5 '0.6436
1982 : ' ‘
Shumagin 701.2 883.2 0.7939 166
Chirikof 1,149.1 1,675.3 . 0.6859 159
Kodiak © 1 129.4 , 284.0 ' 0.4556 ) 149
Combined
areas 1,979.7 2,842.5 0.6965
1983 . :
Shumagin '3,512.6 4,817.6 0.7291 140
Chirikof 6,881.3 | 9,237.4 0.7449 162
Kodiak - 257.0 ‘ 430.0 - . 0.5977 214
Combined
areas 10,650.9 14,485.0 0.7353

Source:  Personal conmunication with Jerald Berger, US. Foreign Fishery
(bserver Program Northwest and Al aska Fisheries Center, National Marine
Fisheries Service, NOAA, Bin C15700, Building 4, 7600 Sand Point Way N E.,
Seattle, WA 98115.
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Table 13.--Ranked catch per unit effort (CPUE), in kilograms per day,
for the four predom nant species in Japanese longline catches
from depths less than 300 m in the International North Pacific
Fi sheries Conm ssion Shunagin, OChirikof, and Kodiak statistica
areas, 1979-83.

Area and CPUE .

Year Shumagin kg/d Chirikof kg/d Kodiak kg/d

1979 ‘
Pacific cod 6,038 Pacific cod 9,506 Pacific cod 2,706
Pac. halibut 103 Sablefish 339 " Pac. halibut 303
Sculpin 66 Pac. halibut 142 Sablefish 101
Sablefish 63 Arrowtooth f1. 96 Arrowtooth fl. 31
1980
Pacific cod 9,841 Pacific cod 10,117 Pacific cod 9,040
Pac. halibut 434 Sablefish 709 Pac. halibut 1,326
Greenland tur. 401 Pac. halibut 441 Sablefish 1,089
Sablefish 257 Arrowtooth fl. 126 Arrowtooth fl. 238
1981 ‘ ‘
Pacific cod 10,595 Pacific cod 11,917 " Pacific cod 4,936
Sablefish 1,199 Sablefish 1,116 Sablefish 1,352
Pac. halibut 444 Pac. halibut 917 Pac. halibut 795
Arrowtooth fl. 124 Arrowtooth fl. 250 Sculpin 116
1982
Pacific cod 8,154 Pacific cod 9,738 Pacific cod 4,044
Sablefish 625 Pac. halibut 718 Pac. halibut 699
Pac. halibut 255 . Sablefish 343 Sablefish 330
W. pollock 79 W. pollock 102 Skates 109
1983 7 ‘ ‘
Pacific cod - 9,597 Pacific cod 11,585 Pacific cod 6,947
Sablefish 968 Pac. halibut 1,202 Sablefish 1,889
Pac. halibut 778 Sablefish 651 Pac. halibut 1,649
W. pollock 159 Arrowtooth fl. 276 Arrowtooth fl. 233
Source : Personal communication with Jerald Berger, U S. Foreign Fishery

Cbserver Program Northwest and Alaska Fisheries Center, National Marine
Fi sheries Service, NOAA, Bin C15700, Building 4, 7600 Sand Point Way N E.,
Seattle, WA 98115.
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of Al aska triennial groundfish survey are analyzed, the former MSY range
may be updated., W should add that indices of abundance taken from the
| argest portion of the GQulf of Al aska cod fishery suggest that the stocks

are healthy and were largely unchanged in the past several years.

RECENT RESEARCH RESULTS

A mgj or weakness of using length frequencies to extract information on
abundance by year class is that in this case there was virtually no
reliable age data to conplement the size data. Cod scales have proven to
be poor indicators of age; and otoliths are subject to considerable error
in interpretation of annuli. However, a scientist working at the Northwest
and Al aska Fisheries Center has found that spines from the first dorsal
fin give very clear readings of what appear to be annuli. The technique
will require verification and NMFS will be tagging cod and renovi ng dor sal
spines at tagging and later attenpting to recover sufficient numbers of
specimens to ascertain the accuracy of the spine aging techniques. Tag

and recovery data will also be used to study cod novements.
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ATKA NMACKEREL

by
Lael L. Ronholt

| NTRODUCTI| ON

Atka nmackerel, Pleurogrammus nonopterygius, are distributed throughout

the Gulf of Alaska, but primarily are found in the International North
Pacific Fisheries Commission (INPFC), Kodiak, Chirikof, and Shumagin areas
at depths 50-350 m
Foreign nations historically have been the principal harvesters of Atka
macker el . Soviet fleets dominated the fishery 1972-80, and those from the
Republic of Korea (ROK) 1981-83. A joint venture fishery operated for the
first time in 1983, with U S. fishermen delivering to ROK processors in the
Shumagin area. Catches are presented by nation and year in Table 1. Estimates
of optimumyield (OY) also are presented for each year beginning with 1977 when
the Magnuson Fishery Conservation and Management Act MFCVA went into effect.
Since 1974, landings of Atka mackerel in the Qulf have ranged from
6,759 to 27,776 netric tons (t). Catches peaked in 1975, declined through
1979, increased again in 1980 and 1981, and then declined sharply in 1982,
before increasing moderately in 1983. In ternms of the species or groups
of species by which foreign landings are summarized, Atka mackerel
decreased in inportance fromsecond in 1978 to last in 1982, but then
increased again to third in 1983.
The Kodiak area was the heaviest producer in the early years of the
fishery-- providing two thirds of the catch in 5 of the 7 years 1974-80
(Table 2). In 1978 and again in recent years 1981-83, the adjacent

Chirikof area was the primary producer.
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Table 1.--Catch (t) of Atka mackerel in the @lf of A aska, by fishery
category, 1974-83. Optimum Yield (OY) also is included
for each year since the Mgnuson Fishery Conservation and Managenent

Act.
Republic ’
Year U.S.S.R. Japan of Mexico - Poland JV  Total oY
Korea
1974 17,531 a - ; - - -- 17,531
1975 27,776 - a. - - - - 27,776
1976 19,933 a ‘ -— | - - -- 19,933
1977 19,246 a - -- 209 -- 19,455 20,000
1978 18,387 1,136 63 - -- -- 19,586 24,800
1979 10,265 568 81 36 -- ©=-- 10,950 26,800
1980 - 10,473 1,896 736 - 57 - -- 13,162 28,700
1981 == - 3,636 14,811 -- 280 - -- 18,727 28,700P
1982 - 2,087 4,672 - - —= 6,759 28,700
1983  -- 2,806 ' 8,664 - - 790 12,260 28,700

®Reported in a category called "other species".

*Optimumyield (OY) for 1981 is sonetines given (el sewhere) as 33,484 t. This
figure" (33,484) was conmputed on the basis that fishing year 1981 |asted 14
months. This in turn, was done so that future fishing years would coincide
with cal endar years.

Sour ces: 1974-76: Forrester et al. 1983; 1977-83: Berger et al. 1985.



Table 2.--Catches (t) of Atka nmackerel

I nt er nat i onal
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in the Gulf of Al aska, by nation and
North Pacific Fisheries Conm ssion statistical

1974- 83.
. Area
Year Shumagin Chirikof Kodiak Yakutat Southeastern Total
1974 U.S.S.R. 4,742 2,748 10,041 - - 17,531
’ Japan. - - - - - a
17,531
1975 U.S.S.R. 2,132 743 23,688 1,213 - 27,776
‘ Japan - - - - - a
27,776
1976 U.S.S.R. 1,552 4,394 13,211 776b - 19,933
Japan - - - - - a
19,933
1977 U.S.S.R. 69 2,057 17,120 0 0 19,246
Japan - - - - - ‘ a
Poland - - 209 - - 209
‘ 19,455
1978  U.S.S.R. 184 17,320 883 0 0 18,387
~ Japan 243 265 338 125 165 1,136
ROK 61 2 0 0 0 63
‘ ‘ 19,586
1979 U.S.S.R. 5 708 9,552 0 0 10,265
" Japan 322 8 227 11 0 568
ROK 81 1 0 0 0 81
Mexico 11 4 21 36
10,950
1980  U.S.S.R. 899 90 9,484 0 10,473
Japan 35 179 1,511 171 T 1,896
ROK 736 0 0 0 0 736
Poland‘ 48 9 0 0 0 57
13,162
1981 Japan 699 1,331 1,369 212 25 3,636
ROK 2,551 11,147 46 1,066 0 14,811
Poland 221 59 o] 0 0 280
: : 18,727
1982 Japan 1,922 77 87 1 0 2,087
ROK - 1,241 3,431 0 o 0 4,672
6,759
1983 Japan 1,498 1,243 65 T 0 2,806
ROK 1,096 7,568 0 0 0 8,664
11,470
®Reported in a category called "other species".
T. Trace.
Sources :  1974-76: Forrester et al. 1983; 1977-83: personal conmunication with

Jeral d Berger,

Fi sheries Center,
7600 Sand Point

Nat i onal
Vy NE,

Seattl e,

U S. Foreign Fisheries bserver
Marine Fisheries Service,
WA 98115.

Program Nort hwest

and Al aska

NOAA, Bin C15700, Building 4,
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In 1903, 11,470 t of Atka mackerel were taken in the directed foreign
fisheries-- 8,664 t (7699 by ROK and 2,806 t (24% by Japan. The ROK harvested
91% of its catch with large freezer trawers and 9% with small trawers while
Japan took 75%of its catch with large freezer trawmers, 16%w th small
trawler and 9%with surim trawers. The Chirikof area produced 8,811 t of
the catc (77%, followed by the Shumagin and Kodiak areas with 2,594 (23%

and 65 t (1%, respectively. Less than a half ton was taken in the Yakutat area.

CONDI TION OF THE STOCKS

From the onset, the United States has mmnaged the Atka mackerel resource
on the prenise that there are separate subpopul ations (stocks) in the @ulf of
Al aska and Bering Sea-Aleutian Islands regions. The validity of this approach
is supported by the conclusions of Levada (1979a) which, although tentative,
show that samples fromthe two regions are distinct norphologically, and
meristically.

Current efforts to measure the condition of the Gulf of Alaska stock
using conventional nethods are beset with difficulty. The series of catch
per unit effort (CPUE) data fromthe Soviet comercial fisheries has been
interrupted, for exanple, with the suspension of these fisheries; and CPUE
data from resource surveys (another indicator of stock condition) are of
limted use because of the variability introduced by the intensive schooling
behavi or of Atka nackerel. Morreover, very little CPUE data exists fromthe
Qul f of Alaska. Age conposition, still another conmonly-used tool, also is of
little value for studying the condition of the @lf of Al aska Atka nackerel
stock because of differences stemming fromthe use of scal es by Sovi et
scientists and otoliths by U S. scientists (Levada 1979a; Levada 1979b; and

Fadeev and Kharin 1981).



105

On the other hand, catch data can be used--even w thout acconpanying
effort data--to assess the general condition of the Atka mackerel stock in
the Gulf of Alaska, particularly when supported by associated biological data.
Note, for exanple, the drastic decline of the catches in the Kodiak area from
an average 12,297 t 1974-80 to an average of just 522 t 1981-83, including a
historical low of 65t in 1983 (Table 2 and Fig. 1). That the recent snall
catches are indicative of reduced biomass is substantiated by reports from
Soviet research cruises. In 1981 the research vessel Shantar, sanpling on
the usually productive Al batross Bank, was unable to locate any |arge concen-
trations of Atka mackerel; Similarly, in 1982 Soviet scientists working
aboard the research vessel Mys Dalniy were unable to obtain sanples of Atka
mackerel at the usual stations.

Catch data are too sporadic in the adjacent Chirikof area to make sinmlar
| ong-term conparisons. It is noteworthy, however, that larger catches there
in the last 2 years have not offset the |ower catches in the Kodiak area.
Catches in the Shumagin area have been stable between 2,500 and 3,500 t
1981-83, but this is more reflective of the total allowable level of foreign
fishing (TALFF) for the area (roughly 4,000 t) than of stock abundance.

Fish length is another criterion for studying stock condition. For Atka
mackerel in the Qulf of Alaska, data fromthe Soviet comercial fishery
(collected either by the Soviets thenmselves or by the U S. Foreign Fisheries
Cbserver Progran) and suppl enented by data from U S. research cruises, are the
nost conprehensive in this regard. These data show that the length of Atka
mackerel taken in the comercial fishery in the Kodiak area has increased
substantially between 1971-77, when 80% were 28-34 cmlong, and 1981-83, when

88% were 38-45 cmlong (Figs. 2 and 3). During the early years of the fishery,
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Figure 3. --Length frequency distribution of Atka mackerel in the Kodiak
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nean length of the sanples fluctuated between 27 and 34 cm indicating that
the recruitment of young fish consistently was good. The gradual increase of
t he nean and nodal |engths and the ab ence of year-class pul ses at the | ower
margin of the length frequency curve in recent years suggest, on the other
hand, that recruitment may be insufficient to maintain the stock at the
current level, or possibly that the recruitnent processes or even the conduct
of the fishery itself have changed. The weak showi ng of snaller fish in the
30 to 34 cmrange was confirnmed by the survey work of the Soviet research
vessel Shantar in the Kodiak area in 1981

Length frequency data fromthe Chirikof area are available fromthe
observer program 1978 and 1981-83, and fromthe ROK comrercial harvest,
1981-83, (Fig. 4). In the Chirikof area, as in the Kodiak area, the nean
length of sanples taken in 1981-83 has hovered around 40 cm There is some
recruitnent of snmall fish in the observer programsanples in 2 of the 3 years,
but none in the ROK fishery sanples.

Sampl es from the Shumagin area provided by the Observer Program 1980-83;
the ROK commercial fishery, 1981-83 (Fig. 5); and the U S.-ROK joint venture
fishery, 1983 (Fig. 6) simlarly display nean | engths around 40 cm  Sanples
collected in the Shumagin area as part of cooperative U S.-U S . S.R research
cruises in 1982 and 1983 (Fig. 6) are nade up of much snaller fish. \ether
this difference is a function of, fishing technique, timng, or location
i s unknown.

POTENTI AL YI ELD

Estimates of Maxinmum Sustainable Yield (MY)
Early estinmates of MSY necessarily were based on rather vague information

and assunptions. Soviet hydroacoustic surveys in the Aleutian area in 1977
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Figure 4.--Length frequency distribution of Atka mackerel in the
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data).
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found eight concentrations of Atka mackerel with an estimated bi omass of
110,000 t. Trawl surveys indicated that there was at least as large a bionass
in the Qulf of Alaska. The predoninant sizes of fish available to the traws
were greater than 30 cm which are mature fish older than 3 or 4 years. On

the basis of analyses of biological characteristics, Soviet scientists believed
that 30% of the adult stock could safely be harvested. Accordingly, MSY for
Atka mackerel in the Qulf of Alaska was set at 33,000 t (North Pacific Fishery
Managenent Council 1984).

In 1979 Soviet scientists conducted the first hydroacoustic and traw
survey of the western Gulf of Al aska between 148° and 164°W |ong. (Fadeev
1979). The biomass of Atka mackerel estimated there (32,447 t) became 95,552 t
when extrapolated: to the entire Qulf of Alaska, including the unsurveyed
areas east of 148°W long. This agreed quite well with the estimted bionmass of
110,000 t that had been assumed on the basis of the Al eutian survey. Subse-
quently, however, conmercial fishing operations and resource assessnment surveys
have shown that Atka mackerel are not highly abundant in the Gulf of Al aska
east of 148°W long. as assumed by the Soviet scientists. It is likely, therefore
that the 32,447 t estimated to inhabit the area west of 148°W long. is closer to
the Qulf-wide biomass than the extrapolated estimate of 110,000 t.

Efi mov (1984) tried another approach. Enploying a surplus production
nodel based on fishery data to circunvent problens with age determnation, he
estimated that between 1975 and 1979, bi omass ranged from 69,210 to 89, 167 t
(Table 3) and that the MSY of harvestable fish, age 3 to 8 years, was 28,300 t.

It is appropriate to note, however, that the MSY of 28,300 t calcul ated
by Efinov was based on years when bi onass was high, as indicated by the

limted CPUE data available (Table 3) and the previously discussed stability
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of the nean and nodal lengths of fish in the comercial catch, rather than
over a long span of years.
The MY also can be estinmated using the equation devel oped by Al verson

and Pereyra (1969) and nodified by Culland (1969):

MY = a M B,

where
a = constant 0.4 (@lland) or 0.5 (Averson and Pereyra),
M i nstantaneous natural nortality rate, and

B, = virgin bionass.
Using the values (a) = 0.4 and (M = 0.6 (Efinmov 1984) with Efinov's
m ni mum bi omass estinmate (B,) of 69,210 t, a conservative MSY of 16,610 t
can be calculated for 3- to S-year-old fish. Simlarly, MY of 26,750 t
can be obtained using (a) = 0.5 and (M = 0.6 with Efinov's maxi num
bi onass estinmate (B,) of 89,167 t. The average of the two estinmates is
21,680 t.
[f, however, the biomass estimate (B, of the western Qulf (32,447 t)
reported by Fadeev (1979) is used in conjunction with (a) values of
0.4 or 0.5 and (M = 0.6, MSY is estinmated at 7,787 and 9,734 t/respectively.
Levada (1979b) reports that Atka mackerel were found only in small
numbers in the commercial catches of the Gulf of Alaska before 1970, and that
they occurred only in small nunbers on the inportant Al batross and Portl ock
banks prior to 1976. Wthin a year, however, there were |arge conmercial
catches in these areas. One interpretation nmay be that Atka mackerel have
not always occurred in commercial concentrations in the Gulf of Al aska and
that the large catches of the 1970's may reflect a "popul ati on expl osion”
and acconpanyi ng geographi c expansion of the stock. Based on this hypothesis,

| ong-term MSY probably should be reduced.
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Estimates of Equilibrium Yield (EY)
The EY has until now been set at MSY (33,000 t based on the early Sovi et
work). However, the decline of the catch in the historically inportant
Kodi ak area and the apparent |ack of recruitnent indicate that MSY is no

| onger attainable and that EY should be set |ower than MSY.

Esti mates of Acceptable Biological Catch (ABC

The Fishery Managenent Plan (North Pacific Fishery Mnagerment Council
1984) sets ABC at 28,700 t, or 87% of EY. Present data, however, indicate
that the bionmass of Atka mackerel in the Qulf of Al aska has declined
sharply. Increasing mean CPUE's in the Soviet commercial fishery 1975-79,
viewed in conjunction with increasing biomass and increasing mean |ength
during that period indicate that one or nore larger than normal year classes
moved through the fishery. Fadeev and Kharin (1981) later noted that 89%
of the comercial sanples fromthe @Qulf of Alaska in 1980 were fromtwo year
classes. Mean length was 38.0 cm-the largest in a 10-year series (Table 3).
Wthout strong recruitnent, the stock would be expected to decline as the
domi nant age groups leave the fishery, and judging fromthe |ow catches of
1982 and 1983 the stock did decline sharply.

It is recommended, therefore, that ABC be lowered to provide protection

for the stock until there is evidence of such strong new year classes.
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Table 3.--Mean catch per unit effort (CPUE), estinated biomass, and nean
length of Atka mackerel in the @ulf of Al aska, 1971-380.

Year Mean CPUE (t/hr) Biomass (t) Mean length (cm)

1971 - - 31.9
1972 - | - 31.9‘
1973 - - 34.3
1974 - : - . 29.4
1975 1.5 . 69,210 29.5
1976 2.0 ' 80,128 ) 30.7
1977 . 2.2 , 84,354 . 30.6
1978 .. 2.3 88,286 : 35.1
1979 .. 2.5 89,167 ‘ 35.2
1980 : - 1.9 - 38.0

Sources: Mean CPUE 1975-79: Efimov 1984; 1980: Fadeev and Kharin 1981.

Bi omass: Efinov: 1984, Mean length 1971-77: Levada 1979b; 1978 and 1979:
personal communcation with Jerald Berger, US. Foreign Fisheries Gbserver
Program Northwest and Al aska Fisheries Center, National MNarine Fisheries
Service, NOAA, Bin d5700, Building 4, 7600 Sand Point Way N E., Seattle,
WA 98115; and 1980: Fadeev and Kharin 1981.
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PACI FI C OCEAN PERCH
by

Herbert H.  Shippen
| NTRODUCTI ON

General Distribution

Pacific ocean perch, as the termis currently enployed by the North
Pacific Fishery Mnagenent Council's (NPFMC) Qulf of Al aska G oundfish
Management. Plan (FMP), includes five species of the genus Sebastes:

S. alutus, Pacific ocean perch,

S. polyspinis, northern rockfish,

S. aleutianus, rougheye rockfish,

S. borealis, shortraker rockfish, and
S. zacentrus, sharpchin rockfish.

Each species has its own distinct range extending well beyond the Culf
of Al aska but all co-occur in the Gulf where they are comrercially exploited
t hroughout. According to Eschneyer and Herald (1983) the depths at which
the various species are likely to be found are as follows: S. alutus--55 to
640 m S. polyspinis--70 to 360 m S. aleutianus--180 to 730 m S. borealis--
to 305 m and S. zacentrus--90 to 320 m

O the five species which nmake up the Pacific ocean perch species group,

S. alutus has been the nost widely studied with respect to its distribution

and biology; but relatively little is known about the biology of the others.
Unl ess specifically stated otherw se, discussions here will be in terns of

the five-species Pacific ocean perch conplex.
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Relative Inportance

Fi sheries surveys of the northeastern Pacific Ccean during the 1950's
and early 1960's identified S. alutus as the dom nant rockfish and a prom nent
menber of the denersal community. Alverson et al. (1964) called this species
"the dominant formin the aggregate species catch at depths from 100 to 149
fathons" (180-270 nm). Surveys from 1963 to 1966 in the Gulf of Al aska,
indicated that S. alutus nade up 90% of the total rockfish catch (Westrheim
1970).

In 1961, a resource assessment survey of the Gulf of Alaska by the
International Pacific Halibut Commission (IPHC) and the U S. Bureau of
Commercial Fisheries (BCF) found S. alutus to be highly abundant. In the
101-200 m depth zone, S. _alutus ranked fourth in abundance after arrow ooth

fl ounder, Atheresthes stomi as, Pacific cod, Gadus nacrocephal us, and snow

(Tanner) crab, Chinoecetes bairdi. In the 201-400 m depth zone, S. alutus

was second after arrowtooth flounder (Table 1).

Simlar surveys conducted by the National Marine Fisheries Service (NVFS)
(fornmerly the Bureau of Commercial Fisheries [BCF]) during 1973-76 indicated
a marked decrease in the abundance of S. alutus relative to the 1961
survey. During 1973-76, the catch per hour of S. alutus in the 101-200 m
depth zone was 12% of its 1961 level and 4% in the 201-400 m zone.

During the interval between the surveys of 1961 and 1973-76, intensive
tram fisheries targeting on Pacific ocean perch in the Gulf of A aska were

conducted by the U S S.R and Japan (Ckada 1982).
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Table 1.--Relative abundance (catch per hour) of Sebastes alutus in Qlf-wide
summer surveys of bottonfish resources.

Depth zone m

101- 200 201- 400
Survey period ka/h rank® ka/h rank”
19612 50.1 4 75. 6 2
1973- 76" 6.1 13 3.4 15

| nternational Pacific Halibut Conmi ssion-Bureau of Commerci al
Fi sheries surveys, 1961.

Nat i onal Marine Fisheries Service surveys, 1973-76.

‘Ranking within 15 major species caught by bottomtraw s.

Source : Ronholt et al. 1978.
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Critical Managenent |ssues
Catch per unit effort (CPUE) trends from the 1961 |PHC- BCF and 1973-76
NVFS Qul f of Al aska surveys suggested that the abundance of S. alutus was only
a fraction of its forner |evel. Furthernore, there has been little evidence
in recent years of significant recruitment to the fishable popul ation. The
popul ation of S. alutus appears to have been severely depleted and shows
little sign of significant recovery in the inmrediate future.
Ef fective 1 June, 1982 the NPFMC amended the FMP to reduce the catch
of Pacific ocean perch--particularly in the eastern GQulf of Al aska.
These actions included the follow ng:
1. closing the area east of 140°W long. to all foreign fishing,
2. deleting US. sanctuaries east of 140°W long. (no |onger
necessary with a ban on foreign fishing),
3. pernmitting foreign md-water fishing only, year-round between
140° and 147°W long., and
4.  reducing the Acceptable Biological Catch (ABC) for Pacific
ocean perch in the NPFMC eastern regulatory area (east of 147°W
long.) from 29,000 to 875 metric tons (t).
It was anticipated that these changes would elimnate Pacific ocean
perch as a target species and would contribute to the rebuilding of the

Paci fic ocean perch population in the eastern @ulf of Al aska.

Mul tispecies Nature of the Fisheries
Paci fic ocean perch in the Qulf of A aska are caught in a multispecies
fishery involving other rockfishes, and various roundfishes, flatfishes, sharks,

and rays. The nore conmonly caught "other rockfishes" are:



S. brevispinis,
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S. ciliatus, dusky rockfish,

S. crameri, darkblotched rockfish,
S. entonelas, wi dow rockfish,
S. flavidus, yellowail rockfish,

S. proriger, redstripe rockfish,

S. babcocki, redbanded rockfish,

S. variegatus, harlequin rockfish,
s. reedi, yellowmuth rockfish.

In addition to the rockfishes in the genus Sebastes,

Sebast ol obus spp.,

Sebast ol obus al as

are frequently taken,

canus.

silvergray rockfish,

and

t hornyhead rockfi sh,

especially the shortspine thornyhead,

Anong the nmore comon roundfishes and flatfishes taken in fisheries

targeting on Pacific ocean perch are walleye pollock,

sabl efish, Anoplopona finbria; Atka nmackerel,
various scul pins; rex sole, dyptocephal us zachirus;
bilineata; Dover sole, Mcrostonus pacificus;

Theragra chal cogramm,;

Pl eur ogrammus nonopt erygi us;

rock sole, Lepidopsetta

and arrowtooth flounder.

The relative abundance of the five species within the Pacific ocean

perch conplex vari

@l f (S. alutus,

es by area (Table 2).

S. al euti anus,

and S. borealis),

O the species found throughout the

S. alutus are the nost

conmon. The distributions of

the remaining two species,

S. zacentrus are nore restricted;

to the International North Pacif

statistical areas and S.

zacentrus to the Yakutat

S. polyspinis being nore or

ic Commission (INPFC) Chirikof

S. polyspinis and

less |imted

and Kodi ak

and sout heastern areas.



Table 2.--Distribution by weight O the five rockfish species (Sebastes) designated as Pacific ocean perch in the Qulf of Al aska, by International

Commi ssion statistical area, as found in traw surveys, 1981-82.

North Pacific Fisheries

Chirikof area

Kodiak area

Year--==~=== 1981 1981 198i 1981 1981 1981 1981 1982 1982
Vessel————— SHANTAR MILLER FREEMAN MYS DALNIY SHANTAR MILLER FREEMAN OCEAN HARVESTER OH DAE SAN MYS DALNIY OH DAE SAE
Cruise No.- 81-1 B81~3 82=1 81-1 81=3 81-1 81=1 82-1 82-1
Species kg/hr L3 kg/hr % kg/hr % kg/hr % kg/hr % kg/hr ® kg/hr L) kg/hr * kgq/hr L]
S. alutus 17.76 29.8 13.0 59.6 39.2 76.0 126.3 62.7 6.6 42.9 43.3 27.8 245.5 64.1 42.9 54.6 65.7 38.4
S. polyspinis 17.7 30.0 8.5 39.0 3.2 6.3 38.4 19.1 8.2 54.5 55.7 35.8 93.0 24.5 6.8 8.7 17.1 10.0
_§..aleutianus 13.7 23.2 0.3 1.4 5.6 9.3 .16.6 8.2 0.1 0.6 19.8 12.7 31.4 B.2 11.3 14.4 28.9 16.9
S. borealis 10.1 i7.1 0.0 0.0 5.0 8.4 20.1 10.0 0.3 2.9 36.8 23.6 13.2 3.4 17.5 22.3 0.0 0.0
S. zacentrus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.0 0.0 0.0 0.0 59.2 . _34.6
Total 59.1 100.0 21.8 100.0 53.0 100.0 201.4 100;0 15.4 100.0 155.7 100.0 383.1 100.0 78.5 100.0 170.9 ’100.0
Yakutat .area Southeastern area
Year=—=——== 1981 1981 1981 1981 1981 1982
Vesgsel~=—=-0CEAN HARVESTER PAT SAN MARIE MILLER FREEMAN PAT SAN MARIE OCEAN HARVESTER MILLER FREEMAN
Cruise No.- g81-1 81=-2 81=7 81-2 81-1 82=-1
Species kg/hr % kg/hr % kg/hr * kg/hr L kg/hr % kg/hr L)
5. alutus 201.0 85.6 370.9 -85.0 88.7 - 80.1 132.0 78.1 160.5 81.6 215.5 B84.7
S. polyspinis 1.9 0.8 0.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0
S. aleutianus 11.0 4.7 28.7 . 6.6 5.5 5.0 2.8 1.7 2.5 1.3 11.6 4.6
S. borealis 11.0 4.7 14;-7 3.4 13.2 11.9 1.3 0.8 9.4 4.8 17.8 7.0
§.. zacentrus 10.0 4.3 21.3 4.9 3.3 3.0 33.0 19.4 >24.4 12.4 9.6 3.8
Total 234.9 100.0 436.1 100.0 110.7 100.0 169. 1 100.0 196.8 100.0 254.5 100.0

8Vespels, trawls, fishing methods, depths sampled, etc. may vary 8o these data are not directly comparable in all

aspects.

%l
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FI SHERY STATI STI CS

H storical Catches

Commercial fisheries by the United States and Canada for Pacific ocean
perch began in the late 1940's off the Pacific northwest coast (Mjor and
Shi ppen 1970).

Soviet fisheries for Pacific ocean perch started in the 1950's in the
Al eutian Islands and Bering Sea regions and expanded into the central Gulf
of Alaska in 1960. A fleet of 160 Soviet ships operated in the eastern Qulf
of Alaska in 1965 (Chitwood 1969). A substantial part of the Soviet catch
was Pacific ocean perch, but prior to 1973 no records were provided by the
Soviet Union except as part of a general rockfish catch.

Japan, which began trawiing in the Gulf of Al aska in 1963 (Chitwood 1969),
has provided catch records for Pacific ocean perch since 1964. The catch
peaked at 63,000 t in 1966 and declined to about 20,000 t in 1977 (Table 3).

The Republic of Korea (ROK) began fishing in the Gulf of A aska in 1966
(Chitwood 1969), but records of the ROK catch of Pacific ocean perch are
unavail able for years prior to 1976. The ROK took nearly half the Pacific
ocean perch caught in the @ulf of Alaska in 1978, but have taken relatively
little since.

Pol and, Mexico, and the United States also have participated in the
fishery for Pacific ocean perch in the Qulf of A aska, but their catches have
been minor in conparison to the anpbunts taken by the Soviet, Japanese and
RX fleets. Simlarly, joint venture fisheries took relatively small catches
of Pacific ocean perch in 1979-82. The. joint venture catch junped to 1,975 t

in 1983, however, which was roughly 27% of the Gulf total.
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Table 3.--Pacific ocean perch catch (t) fromthe Qulf of Al aska by nation,

fishery category, and International North Pacific Fisheries
Conmi ssion statistical area, 1964-83

Area

: S South-
Nation Year Shumagin Chirikof Kodiak Yakutat eastern Total
Japan 1964 1,610 1,150 10,614 1 0 10,700
U.S.S.R. - - - - - 230,000
Total ) - - - - - 240,700
. Japan 1965 9,171 12,555 20,839 ' 33 0 38,800
U.S.S.R. - ‘ - - - - 306,000
Total - - - - - 344,800
Japan 1966 14,373 21,068 28,368 422 718 63,000
U-S-S-R. - - ) - - - 135'800
Total - - - - - 198,800
Japan | 1967 5,834 6,937 17,922 13,625 9,162 53,510
U.S.S.R. - - - - - 66,500
Total - - - - - 120,010
Japan 1968 1,216 2,481 8,236 30,874 12,163 54,970
U.S.S.R. - .- - - - 45,200
Total - - - ‘ - - 100,170
Japan 1969 2,027 5,772 11,346 18,404 16,090 53,639
U.S.S.R. - - - ‘ - = 18,800
Total' - - - - - 72,439
Japan 1970 504 = 5,592 11,366 10,602 16,317 44,381
U.S.S. R, - - - - - - -
U.s. 0 0 4 ‘ ~ 0 - 533 537
Total - - - - - 44,918
Japan 1971 2,800 5,033 12,125 14,159 13,960 48,077
U.S.S.R. - - - - - 29,700
Total - ‘ - - - - 77,777
Japan . 1972 4,233 2,837 11,439 15,481 - 16,628 50,618
U.S.S.R. - - - - - 24,011
Total - - - . - - 74,629 -
Japan 1973 . 4,796 . -5,678 9,505 17,087 10,307 47,373
U.S.S.R. - - - - - 5,275
Total - .- - ‘ - - 52,648
Japan 1974 4,082 3,497 8,096 - 10,690 10,615 36,980
U.S.S.R. - - - . - - 10,962
Total - - - - - 47,942
Japan 1975 4,158 3,996 10,016 8,420 7,541 34,131
U.S.S.R. 2,624 1,238 9,150 302 0 13,314
Total 6,782 5,234 19, 166 8,722 7,541 47,445
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Table 3.--Continued

Area
‘ South-
Nation Year . Shumagin Chirikof Kodiak Yakutat -eastern Total
Japan 1976 4,557 3,645 . 8,730 9,625 8,796 35,353
U.S.S.R. ‘ 1,671 1,535 . 4,905 402 0 8,513
ROK 1,339 26 177 45 ‘ 28 1,615
Total | 7,567 5,206 13,812 10,072 8,824 45,481
Japan 1977 1,567 2,531 4,977 5,428 4,744 19,247
USSR 450 579 . 541 108 4 1,682
ROK S 560 T -0 0 0 560
U.S. ' 0 0 0 0 12. 12
Total ‘ 2,577 3,110 5,518 5,536 4,760 21,501
Japan 1978 429 430 1,203 1,337 1,149 4,548
U.S.S.R. . ‘ 193 280 82 -7 8 570
ROK N 3,021 25 0 0 3 3,049
Poland ' 0 . 0 4 0 0 4
U.S. ‘ 0 0 0 0 5 5
Total 3,643 735 1,287 1,344 1,165 8,176
Japan 1979 652 116 832 1,714 4,083 7,397
U.S.S.R. 30 122 908 ‘ 5 0 1,065
ROK 193 0 0 498 134 825
Poland ‘ 2 3 0. 0 0 5
Mexico 67 18 372 0 0 457
U.S. 0 0 99 | 5 1 105
J. venture ‘ 1 5 26 25 10 67
Total 945 264 2,237 2,247 4,228 9,921
Japan 1980 169 553 2,507 4,649 2,912 10,770
UeS.S.Re . 290 123 826 0 0 1,239
ROK 353 0 0 55 0 408
Poland 29 1 0 0 (0] 30
U.S. 0 0 2 0 2 4
J. venture 0 12 8 0 0 20
Total 842 668 3,343 4,704 2,914 12,471
Japan 1981 741 1,495 1,882 3,927 - 2,297 10,342
ROK , 463 862 16 444 0 1,785
Poland 29 13 0 7 ‘ 0 49
U.S. : 0 0 7 0 0 7
J. venture 1 0 0 0 0 ‘ 1
Total 1,234 2,370 1,905 - 4,378 2,297 - 12,184
Japan 1982 1,407 3,009 2,722 17 0 "7,155
ROK 339 490 2 -0 0 831
U.S. o - 0 2 .0 0 2
J. venture 0 3 0 0 0 3
Total 1,746 3,502 2,726 17 0 7,991
Japan 1983 530 2,244 2,216 18 0 5,008
ROK 141 266 .0 0 0 407
U.S. 7 0 ;) 0 0 15
J. venture 1,934 7 34 0 0 1,975
TAat+al 27 A1 7 517 5 ago 1~ n 2 n-
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Table 3.--Continued.

®Definition of Pacific ocean perch (POP): Japan 1964-77: Sebastes alutus; US. S R
1964-72: Sebastes spp; U S.S.R 1973-77: S. Alutus; ROK (1976-77): S. alutus;
all foreign nations and joint ventures 1978-83: S. _alutus, S. polypinus,

S. aleutianus, S. borealis, and S. zacentrus; U S.: S _alutus.

"Definition of synbols: (0): no catch (whether there was fishing is unknown);
(-): no data (whether there was fishing is unknown).

Sources : Japan 1964-66: Ckada 1982; Japan 1967-77: Fishery Agency of Japan; U S S R
(1964-70): kada 1982; U. S.S. R 1971-76: Forrester et al. 1978, US S R
1977: personal conmmunication with Jerald Berger, US. Foreign Fishery Cbserver
Program Northwest and Al aska Fisheries Center, National Marine Fisheries Service,
NOAA, 7600 Sand Point Way N.E., Bin C15700, Building 4, Seattle, WA 98115; RK
1976-77. Ofice of Fisheries, RO all foreign nations and joint ventures 1978-83:
Berger et al. 1985; U S. 1970-80: Rigby 1984; U S 1981-83: Pacific Fishery Infor-
mati on Network (PacFIN), Pacific Mrine Fisheries Conmission, 305 State Ofice
Bui | ding, 1400 S'W Fifth Avenue, Portland, OR 97201.
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Current Catches

Catches by I NPFC area, month, vessel class, and nation are shown for
1983 in Tables 4 and 5. The 1983 catch by Japan was about 70% that of the
1982 catch, largely because of the smaller catches in the Shumagin and
Chirikof areas. The 1983 RK catch was about half that of 1982. Contributing
to these smaller catches, in turn, were the smaller allocations awarded to
foreign nations (Japan and ROK) in the NPFMC regulatory areas in 1983 (Table 6).
The U S. donestic fleet took 15 t in 1983; the joint venture fisheries 1975 t.

Japan received nost (83% of the total allowable level of foreign fishing
(TALFF) for Pacific ocean perch in 1983 and ROK received the renainder (Table
7). O the four vessel types participating in the 1983 fishery, only two--
the large freezer trawers and the snmall traw ers--took significant anounts
of Pacific ocean perch (Table 8).

Most Pacific ocean perch fromthe Gulf of Al aska were taken in summer
and fall (Tables 4 and 5). This seasonal distribution was influenced by NPFMC
regul ations that prohibit or restrict trawl fishing during the early part of
the calendar year to protect the donestic fishery for Pacific halibut,

Hi ppogl ossus st enol epi s.

CONDI TI ON OF THE STOCKS

Stock Units
I dentification of subpopulations of Pacific ocean perch and their
mgration patterns is hanpered by the inability of the fish to survive the
rigors of capture and tagging, especially the deconmpression in being renmoved
from depth to the surface. For this reason, scientists studying mgrations

of Pacific ocean perch have had to base their conclusions on apparent changes



Tabl e 4.--Japanese catch (t) of

Pacific ocean perch in the @ulf of Aaska by nonth, International North Pacific
Fisheries Conmission statistical area, and vessel class, 1983%
Area and Month
vessel class 1 2 3 4 5 6 7 8 9 10 11 12 Total
Shumagin )
Small Trawler -~ - - -— - 52.15 21.41 8.90 15.56 12.18 0.08 - 110.28
Surimi Trawler (.50 - 0.00 - - 5.07° 19.13 1.00 5.32 - 0.34 - 31.36
Lg Frz Trawler -- - -- - - 107.30 179.89 75.82 8.59. 1.80 - - 373.40
Longliner 0.70 0.60 2.00 0.97 4.54 1.17 0.69 0.10 0.22 0.18 2.19  1.60 14.96
Total 1.20 0.60 2.00 0.97 4.54 165.69 221.12 85.82 29.69 14. 16 2.61 1.60 530.00
Chirikof :
Small Trawler - - - - -- 68.12 53.02 6.38 18.68 128.94 56.26 -— 331.40
Surimi Trawler 0.10 - - - -— 0.27 0.00 . - 2.60 19.75 2.23 0.05 25.00
Lg Frz Trawler -- - -— - - 486.54 523.77 206-44 76.30 445.74 132.79 ~~ 1,871.58
‘Longliner 0.00 0.64 0.63 0.47 1.40 3.16 -~ 1.55 0.36 0.20 0.13 2.19  4.85 15.58
Total 0.10 0.64 0.63 0.47 1.40 558.09 578.34 213.18 97.78 594.56 193.47 4.90 2,243.56
Kodiak
Small Trawler - - - - - 60.49 99.90 286.13 132.94 257.70 162.60 - 999.76
Surimi Trawler -~ - -- - - 1.52 0.40 0.16 - - - - 1 2.08
Lg Frz Trawler  -- - - ~-= - 334.20 269.74 131.75 102.60 241.80 123.33 - 1,203.42
Longliner 0.30 0.00 0.00 0.00 0.00 2.00 0.01 0.10 0.10 0.20 1.50 6.34 10.55
Total 0.30 0.00 0.00 0.00 0.00 398.21 370.05 418. 14 235.64 499.70 287.43 6.34 2,215.81
Yakutat -
Small Trawler - - - - - - 0.00 - - - 0.00 - 0.00
Surimi Trawler - - - - - - - - - - - —— -
Lg Frz Trawler - - - - - - - - - - - - -
Longliner 0.00 -- 0.30 -- 0.50 1.00 — 0.10 0.30 5.30 5.00 5.40 17.90
Total 0.00 - 0.30 - 0.50 1.00 0.00 0.10 0.30 5.30 5.00 5.40 17.90
All regions l
Small Trawl - -- -~ - - 180.76 174.33  302.31  167.18 398.82 218.94 --  1,442.34
Surimi Trawler 0.60 - 0.00 - - 6.86 19.53 1.16 7.92 19.75 2.57 0.05, 58.44
Lg Frz Trawler -- - - - - 927.77  973.40 414.01 187.49 689.35 256.12 -- 3,448.14
Longliner 1.00 1.24 2.93 1.44 6.44 7.33 2.25 0.66 0.82 5.81 10.88 18.19 58.99
Grand Total 1.60 1.24 2.93 1.44 6.44 -1,122.72 1,169.51 718. 14 363.41 1,113.73 488.51 18.24 5,007.91
®Definition of synbols: (--): no fishing; (0): fishing but no catch.
Source : Per;onal conﬁunicgtion_ wth Jgrald Berger,_ U.S. Foreign Fisheries Cbserver Program Northwest and Al aska Fisheries
Center, National Marine Fisheries Service, NOAA, Bin Cl15700, Building 4, 7600 Sand Point Way N E., Seattle, WA 98115.

0¢T



Table 5. --Republic of Korea catch (t) of Pacific ocean perch in the Qilf

of Alaska by nonth,

| nt er nat i onal

WA 98115.

North Pacific Fisheries Conmmission statistical area, and vessel class, 1983.°2
Area and - Month
vessel class 1 2 3 4 5 6 7 8 9 10 11 12 Total
Shumagin ) s
Small trawler - - - - =— 0.00 0.00 3.54 0.00 0.00 2.58 - 6.12
Surimi trawler - - - - - - - - - - | - - -
Lg. freezer trawler - -— -- 0.00° - 1.86 42.86 23.85 30.09 17.71 17.60 - 133.97
Longliner - - - 0.000 0.56 —-— 0.00 0.00 - - 0.00 - 0.56
‘Total - -— - 0.00 0.56 1.86 42.86 27.39 30.09 17.71 20.18 - 140.65
Chirikof -
Small trawler - - - - -— 0.00 0.00 - - 3.70 1.54 - 5.24
Surimi trawler T - - - - - -— - - |- - -— -— .-
Lg. freezer trawler - -— - 0.00 0.00 7.10 24.60 56.40 29.72 80.31 62.65 - 260.78
longliner - - -— - - - - - 0.00 - - - 0.00
Total |- - - 0.00 0.00 7.10 24.60 56.40 29.72 84.01 64.19 - 266.02
Kodiak .
‘Small trawler - - —— - - - -— - - - - - -
Surimi trawler : - - - - - - - - - - - -— -
Lg. freezer trawler - - - - - - - - - - - - -
" longliner : — - o 0.00 0.00 - — 0.00 — 0.00 0.14 - 0.14
 Total - - - 0.00 . 0.00 - -- 0.00 0.00 0.00 0.14 - 0.14
Yakutat
Small trawler . - - - - Entad - - - - - - - -
Surimi trawler - - - - - - —-— - - - - - -
Lg. freezer trawler . -- - - - - - - - - - - - -
Longliner L —— - - - 0.43 - - - 0.90 0.00 0.13 - 1.46
Total : - - - - 0.43 - - - 0.90 - 0.00 0.13 - 1.46
All regions - ) ‘ .
Small trawler - - -— - - 0.00 0.00 3.54 0.00 3.70 4.12 - 11.36
Surimi trawler - - - - - - - - - - - - -
Lg. freezer trawler - - - 0.00 - 8.96 67.46 80.25 59.81 98.02. 80.25 - 394.75
Longliner - = - 0.00 0.99 —-= 0.00 0.00 0.90 0.00 0.27 - 2.16
Grand Total - - - 0.00 0.99 8.96 67.46 83.79 60.71 101.72 84.64 i 408.27
% Definition of synbols: (--):-no fishing;. (0): fishing but no catch.
Source :  Personal communication with Jerald Berger, US. Foreign Fisheries Cbserver Program Northwest and Al aska
Fisheries Center, National Marine Fisheries Service, NOA, Bin C15700, Building 4, 7600 Sand Point Way N. E, Seattle,

T1€1
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Table 6.--Equilibrium yield, optimum yield, foreign catch allocation, and
foreign catch (t) of Pacific ocean perch in the Qulf
of Alaska by North Pacific Fishery, Mnagenment Council regulatory
area, 1982 and 1983.

- Foreign
Equilibrium Opt imum catch Foreign
Area yield ~yield allocation catch
1982
Western 5,300 2,700 2,555 1,746
Central 15,700 7,200 7,745 6,225
Eastern 29,000 875 775 17
Total . 50,000 29,167 23,806 ' 7,988
1983
Western 5,300 2,700 1,170 672
Central - 15,700 7,900 6,279 4,726
Eastern - 29,000 875 290 19
Total 50,000 11,475 7,739 5,416

Sour ces: Equi librium yield and optimm yield: North Pacific Fishery
Management Council 1984. Foreigncatch allocation and foreign catch: personal
communi cation with Jerald Berger, US. Foreign Fishery Cbserver Program
Nort hwest and Al aska Fisheries Center, National Marine Fisheries Service,
NOAA, Bin C15700, Building 4, 7600 Sand Point Way N.E., Seattle, WA 98115.
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Table 7 .--Pacific ocean perch allocations (t) by foreign nation and North
Pacific Fisheries Minagement Council regulatory area in 1983.

Area ‘ Total

Nation Western Central Eastern Allocation (%)
Japan , - 791 5,429 :- 222 6,442 83.2
Republic ‘
of Korea 379 850 ' _68 1,297 16.8
Total 1,170 6,279 290 7,739 100.0

Percent 1541 81.1 3.7 . 100.0
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Tabl e 8.--Japanese and Korean catch (t) of Pacific ocean perch
in the @ulf of Alaska in 1983, by vessel class.

Republic
Japan of Korea Total

Vessel class t % t % t %
Small trawler 1,442.34 28.8 11.36 2.8 1,453.70 26.8
Surimu trawler ‘ 58.44 1.2 - - 58.44 1.1
Large freezer
trawler 3,448.14 68.9 394.75 96.7 3,842.89 71.0
Sablefish

longliner 58.99 1.2 2.16 0.5 61.15 1.1

Total . 5,007.91 92.5 408.27 7.5 5,416. 18 100.0

Source : Personal cormunication with Jerald Berger, US. Foreign Chserver

Program Northwest and Al aska Fisheries Center, National Mrine Fisheries
Service, NOAA, Bin C15700, Building 4, 7600 Sand Point Way N E., Seattle,
WA 98115.
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in abundance or population characteristics. Recently, biochemcal nethods
have been enployed to study subpopul ations.

On the basis of changes in distribution and sex ratio, Lyubimva (1963,
1965) hypot hesized that fenale Pacific ocean perch spend the summer and early
fall foraging in the western part of the Gulf of A aska near Unimak Pass.
During Septenber and Cctober, they leave that area after mating and nigrate
to the southeastern part of the @lf where they winter and gestate for
spawni ng the follow ng spring.

Anot her Soviet scientist, however, reviewed nuch of the same evidence
as Lyubinova and came to sonewhat different conclusions: 1) Pacific ocean
perch do not nake extrene seasonal nigrations along the shelf, 2) seasonal
novenents of Pacific ocean perch are largely between deep and shal | ow
bottoms within a limted geographical area, and 3) Pacific ocean perch form
a series of local populations which are only partially interm xed (Fadeev
1968). Fadeev cautioned that because of |ocalized populations and slow
growth rates, fishing activities should be carefully distributed so as to
avoid exceeding the reserves of each local group.

Based on year-class strength and size conposition, Wstrheim (1970)
identified Dixon Entrance as the boundary between the Gulf of Al aska and
British Colunmbia subpopulations. Similarly, Chikuni (1975) hypothesized
four stocks of Pacific ocean perch: 1) @ulf of Alaska; 2) eastern Pacific
(British Columbia to California); 3) Aleutian Islands; and 4) eastern slope
(Bering Sea to Kurile Islands).

Bi ochem cal genetic evidence, on the other hand, does not support the
idea that S. alutus are divided into sharply defined geographic stocks.

Sone stock structuring is evident, according to Wshard and Gunderson (1981),
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but there are no sharp boundaries. Rather, Pacific ocean perch seemto be
differentiated along a continuum It is really little nore than a matter of
practical convenience then, that the five-species Pacific ocean perch conplex

in the Gulf of Alaska is nmanaged as a separate stock.

Age Conposition

During the early 1960's, before the period of intense fishing of Pacific
ocean perch by Japan and the U S.S.R, the dom nant age group in the catch
was 6 to 9 years. About three-fourths of the catch was calculated to be age
10 or younger (Lyubinova 1964).

Qoliths fromS. alutus for age interpretation have been collected by US
observers on foreign ships since 1976. These otoliths have been interpreted
by a technical staff at the Northwest and Al aska Fisheries Center. A review
of the age structure of Pacific ocean perch catches collected between 1976
and 1980 suggests that few, if any, year classes of notable strength have been
recruited to the fishable part of the population in those years. In the
Shumagin area, the 345 otoliths examined from 1977 indicated no markedly
successful year classes in the catch. In the next year, 1978, there was sone
increase in the 6- to 8-year-olds, but these year classes were virtually
depleted by 1979 (Fig. 1). In the Chirikof area, remants of year classes
fromthe 1960's were evident in 1978, together with a fair showing of 7- to
9-year-olds. The scanty data from 1980, however, suggest that little renained
of these year classes by that time. In the Kodiak area, specinmens fromthe
1971 and ol der year classes appeared in the 1976 catch, and this body of fish

was present in 1977 and 1978. In 1979 and 1980, however, these previously

strong year classes had declined, and no younger year classes were evident.
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In the Yakutat area, the fishery in the 1975-77 had representatives fromthe
1963-70 year classes, but these fish appeared to be gone in 1978 and 1979.
Some nodest recruitment of Pacific ocean perch seenms to have occurred in 1980
in the Yakutat area. In the southeastern area, the fishery in 1976 was

dom nated by 12- to 17-year-olds. This group of fish was apparently depleted
during the next 2 years and was virtually gone by 1978. Mdest nunbers of
Paci fic ocean perch from the 1962-71 year classes appeared in 1979 in the
southeastern area, but they declined substantially in the 1980 catch. There
is no evidence fromthe 1980 data of any successful year class after 1971.
Golith sanples collected since 1980 are waiting to be aged pending further

research on aging techniques.

Lengt h Conposition
Length conposition information on S. alutus has been collected in the
@l f of Alaska by U S. observers stationed aboard foreign ships. Except for
a tendency for specinmens fromthe southeastern area to be larger, there have
been no trends in these data (Table 9). In 1983, however, a Gulf-w de trend
toward increased nean | ength occured which may indicate inmproved recruitment

into the fishable stock.

Research Survey Results
Denersal resource assessnent surveys to depths of 400 m were conducted
over the entire Qulf of Alaska in 1961 and again in 1973-76. Results of these
surveys, conducted before and after a period of intense fishing for Pacific
ocean perch during the mid-1960's, document a substantial decrease in the

relative abundance of this species (Table 10).
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Table 9.--Mean size conposition (fork length in cn) in the Sebastes alutus catch from
the Gulf of Al aska by International North Pacific Fisheries Conm ssion
statistical area, as determned from sanples collected by US. observers,

1975- 83.

Sex and ' Year

area 1975 1976 1977 1978 1979 1980 1981 _ 1982 1983
Males

Shumagin 30,2 30.7 29.2 29.6 32.1 - 3l.6 30,9 32.0
Chirikof 28.5  30.4  3l.1 30.9 31.4  33.2 28.2  30.4  33.0
Kodiak  31.4  31.1 32.5 32.8 33.8  34.2 33.4  32.0 34.4
Yakutat  31.2 | 33.6  33.5 34.3 34,3 33.9 33.9 - -
Southeastern  36.6 36.0 34.8 33.9 35.8  36.1  36.3 - -
Females

Shumagin 30.3  30.6 29 1 29.8 32.4 - 32.4 31.2  32.6

Chirikof - 129.1  30.0 31.2 31.3 3151 30.8 . 28.3 . 30.7  33.7

Kodiak 32,2 31.0 33,1 33.5 331 34.9 34.0  32.9  37.0

Yakutat ©31.2 33.7 34.5 35.4 35.6 35.1 35.1 - -

Southeastern 37.4  37.7 35.8 34.8 37.4 37.5 37.7 - -




Table 10.--Average catch per

@l f of Al aska,
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unit effort
1961 and 1973-76,

S. alutus

in the
by region and depth zone

1961 CPUE (kg/h)

1973-76 CPUE (kg/h)

Region 0101-200 m . 201-400 m 101-200 m. 201-400 m
Fairweather 7;4 149.7 2.9 0.0
Yakutat 66.3 85.0 4.6 6.2
Prince William 48.8 80.1 10.9 1.5
Kenai 80.4 31.8 4.7 0.0
Kodiak 25.2 2.9 2.4 ‘117
Shelikof . 2.4 10.5 1.4 1.0
Chirikof 135.0 é?.B 18.3 0.4
shumagin . 29.3 431.4 - -
Sanak . ... 7.2 228.6 0. 53.5
Weighted - 50.1 75.6 6.1 3.4
average
Source: Ronholt, et al. 1978
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Surveys of rockfish resources suggest that there have been sone
increases in the relative abundance of S. alutus in recent years. In the
summer of 1978 the catch per hour for S. alutus remained at the low levels
experienced in 1973-76, but some inprovenent is evident in surveys conducted

in 1979 and 1981 (Table 11).

Commercial Fishery Records

Statistical information from Japanese trawl fisheries in the Gl f of
Al aska docurmented a general decline in Pacific ocean perch CPUE since the
inception of the fishery in 1964 until the present (Fig. 2). The overal
catch rate for the 1982 Japanese fishery was 0.15 metric tons per hour (t/h)
in the western and central regions, unchanged from the 1980 and 1981 val ues
For the Gulf of Alaska as a whole the commercial catch per hour during the
3-year period from 1964 to 1966 was about 5.5 t/h, but during the recent
3-year period, 1979-81, it had declined to about 0.3 t/h. [t should be
recogni zed, however, that nore fishing effort was directed toward Pacific
ocean perch during the early years of this fishery than has been the case
more recently. The decline in the catch rate for 1982 is in part the result
of the closure of the southeastern area where rockfish, including Pacific
ocean perch, were principal target species.

Based on a cohort analysis of the catch-at-age data for the Gulf of
Al aska foreign fishery from 1963 to 1979, Ito (1982) concluded that the
exploitable stock of S. alutus decreased 92% during the period from 1963 to
1976 and that year-class size underwent a continuous |ong-term decline. He
noted that this decline in estinmated stock abundance paralleled the nomna

catch-per-traw - hour over the sane period as shown in Fig. 2. Apparently,



Table 11 .--Rel ative abundance of
resource assessment surveys,
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Sebastes alutus (catch in kg/h)

1978- 81.

No. of Relative
Year Area . station samples abundance (kg/h) Reference
1978 Southeastern 74 53 a
Yakutat 100 4 a
Kodiak 53 4 a
Chirikof 24 4 a
1979 Kodiak 73 114
: Chirikof 55 98
Shumagin 43 131
Southeastern 15 84
1981 Yakutat-1P 63 335
Yakutat-2P 59 193
Cape Ommaneyb 72 143
KodiakP 17 80

®Fel dman and Rose 1981

"“The 1981 surveys were confined to index sites which were areas of
recorded high production by commercial

conmparable to earlier

surveys

fisheries.

and thus are not directly
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t he annual harvest in each of these 14 years exceeded the annual surplus

production preventing any increase in abundance.

POTENTI AL YI ELD

Estimates of Maxi mum Sustainable Yield (MY)

The FMP defines MSY as the |argest average catch that can be taken
continuously from a stock under current environnental conditions. At the
time of the inplenentation of the FMP in 1978, it was estimated that MSY for
Qul f of Alaska Pacific ocean perch was 125,000 t, but it was recognized that
stock levels were well below the nunmbers that might produce this level.

Chi kuni (1975) estimated the potential MSY for the Pacific ocean perch in the
@l f of Al aska at about 150,000 t, but he also added a reservation that stocks

must first recover from their present |ow |evels.

Estimates of EquilibriumYield (EY)

The FMP defines EY as the annual or seasonal harvest that allows the
stock to be maintained at approxinately the sanme | evel of abundance over a
period of several years apart, fromthe effects of the environment. As of
Sept enber 1979, the plan placed the Qul f-wide EY for Pacific ocean perch at
50,000 t, .a level well below the estimated 125,000 t MY, but which still has

not resulted in a detectable increase in recruitnent.

Acceptabl e Biological Catch (ABQ
The ABC may be set |ower than MSY to help rebuild depleted fish stocks.
In the Gulf of Alaska, ABC for Pacific ocean perch originally was set at

50,000 t, the same as EY. The ABC for 1981-85 was apportioned to the three



146

NPFMC regul atory areas as follows: western, 5,300 t; central, 15,700 t;

and eastern, 29,000 t. The basis for the relative. apportionment was the

distribution of the Pacific ocean perch catch by Japan, 1973-75.

Optinmum yield (OY) nay deviate from ABC for econonic, social, or

ecol ogi cal objectives; and in the case of Pacific ocean perch in the Qulf

of Alaska, the OY was set for 1981 at 29,167 t, apportioned as follows to the

three regulatory areas: western, 3,150 t; central, 9,127 t; and eastern,
16,800 t. In 1982 and 1983 OY was 2,700 t in the western area, 7,900 in the

central area and 875t in the eastern area. The reported anpunts actually

caught by the foreign fisheries were significantly less than the allocations

in 1982 and 1983 in all areas of the fishery (Table 6).

Recent Studies

Bal siger et al. (1985) enployed stock reduction analysis (SRA) as a neans
of assessing the status of Pacific ocean perch stocks. Estinates of MY were
calculated from the SRA equations. Hgh estimates of MY were calcul ated
assuming a constant recruitment, and niddle estimates were calculated assuming
a nmoderate stock-recruitnent relationship. In either case, the range of
estimates of MSY (17,200 to 30,900 t) was a substantial reduction fromthe
125,000 t MSY and the 50,000 t EY that had been used in the original Fishery
Managenent Pl an.

Assumng that the stock has declined to between 11.2% and 30.8% of
virgin biomass and that a noderate stock-recruitnent relationship prevails
(r = 0.05 for the Cushing parameter) then current biomass would be predicted
to be between 152,000 and 508,000 t (Balsiger et al. 1985). By projecting
152,000 and 508,000 t into the future using the Deriso delay-difference

equation, fishing nortalities of F = 0.05 and F = 0.04 (for current biomasses
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of 152,000 t and 508,000 t, respectively), were estimated to stabilize future
bi omass. Calcul ating exploitation rates corresponding to these values of F
[exploitation rate = F(1.0.- exp(-F+M)/(F+M], and then multiplying these
exploitationrates by the estimates of current bionass, results in estimates
of EY for 1985 between 7,232 and 19,432 t'.
COWENT ON THE CURRENT CONDI TI ON
OF PACI FI C OCEAN PERCH STOCKS I N THE GULF OF ALASKA

There continues to be little firm evidence of any significant inprovenent
in the condition of Pacific ocean perch stocks. Recruitnent to the fishable
stocks is sporadic and transient. The catches for 1982 and 1983 were |ess
than one-sixth of the allocated ABC. Because of the slow growh rate of the
individual fish and apparent slow recruitnent, it may be sonme years before

any significant change in the status quo can be expected.

""Per sonal comuni cation with Gary Stauffer, Northwest and Al aska Fisheries
Center, 7600 Sand Point Way N.E., Seattle, WA 98115.
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THORNYHEAD ROCKFI SH
by
Herbert H.  Shippen

[ NTRODUCT! ON

General Distribution

Two simlar species commonly are referred to as thornyhead rockfish

or "idiots"--the shortspine thornyhead, Sebastolobus alascanus, and the

| ongspi ne thornyhead, Sebastolobus altivelis. They inhabit deep waters

fromthe Bering Sea to Baja California. The shortspine thornyhead, which
is the nore common of the two, also is the larger of the two species--

attaining lengths up to 75 cm

Mul tispecies Nature of the Fisheries
Al'though the flesh of thornyheads is highly regarded by fishernmen,
the species ordinarily are not the target objects of fisheries--rather
they are taken in trawl and longline fisheries aimng at other species.
According to Alverson et al. (1964), fishes comonly associated wth

t hornyheads are arrow ooth flounder, Atheresthes stonias; Pacific ocean

perch, Sebastes alutus; sablefish, Anoplopoma finbria; rex sole, Zachirus

gl ypt ocephal us; Dover sole Mcrostomas pacificus; shortraker rockfish,

Sebastes borealis; rougheye rockfish, Sebastes aleutianus; and grenadiers

(famly Macrouridae).
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FI SHERY STATI STI CS

Hi storical Catches

As an element of the deepwater demersal community of fishes, the
t hornyheads have been fished off the states of the Pacific Northwest since
the late 19th century when commercial trawing by U S. and Canadian fishernen
began. In the mddle 1960's Soviet fleets arrived in the eastern Qlf of
Al aska (Chitwood 1969) where they were soon joined by Japanese and Republic
of Korea (ROK) vessels.

There are no records of the catches of thornyheads in these early
fisheries. The first data began to accrue as part of the U S. Foreign
Fi sheries Observer Program in 1977 when the catch in the GQulf of A aska was
estimated at 1,163 (Wall et al. 1978). From 1980 on, the Cbserver Program
has generated annual estinates of the foreign catch of thornyheads by

International North Pacific Fisheries Conmission (INPFC) area (Table 1).

Current Catches

The 1983 catches of thornyhead rockfish by foreign nations are arrayed
by area, nmonth, and vessel class in Tables 2 (Japan) and 3 (ROK). O the
716 metric tons (t) taken by foreign nations, Japan took 95% ROK 5%
Most were taken in the fall and summer, reflecting the seasons of best
fishing weather and also the effects of U S nanagenment policies which
restrict trawming in the spring as a nmeasure to protect the donestic
fishery for Pacific halibut.

O the four classes of vessels that caught thornyheads in the Gulf of
Al aska in 1983, small traw ers took about one-half the catch and I arge
freezer trawl ers and sabl efish |ongliners took about one-quarter each

(Table 4).
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Table 1 .--Catch (t) of thornyhead rockfish in the GQulf of Alaska by nation
and International North Pacific Fisheries Conmi ssion statistical
area, 1980-83.

Area

) ‘ B South-"
Year Nation " Shumagin Chirikof Kodiak Yakutat eastern Total
1980 Japan 129 197 391 355 144 1,216
ROK 99 - - .33 - 132
Poland 0 0 - - - 0
U.S.S.R. 1 . _9 _2 = el 3
Total = 229 197 393 388 144 1,351
1981 Japan 203 138" 235 365 179 1,120
ROK 154 27 27 12 - 220
Poland _0 _0 = .0 - 0
Total 357 165 262 377 179 1,340
1982 Japan 134 135 326 64 - 659
ROK 32 2 - 19 _65 - 128
Total 166 147 345 129 - 787
1983 °  Japan 148 191 287 53 - 679
ROK 10 3 20 4 - 37
_Total - 158 194 307 57 - 716

ROK:  Republic of Korea

Source:  Personal communication with Jerald Berger, U S. Foreign Fisheries
oserver Program Northwest and Al aska Fisheries Center, National
Marine Fisheries Service, NOAA, Bin CL5700, Building 4, 7600 Sand Poi nt
Wy N.E, Seattle, WA 98115.



Table 2.--Catch (t) of thornyhead rockfish in the Gulf of Al aska by Japan,

1983, (by nont h,

International North Pacific Fisheries Conmmi ssion statistical area, and vessel type).
Area and type Month
of vessel 1 2 3 4 5 6 7 8 9 10 11 12 Total
Shumagin : . : ,
Small trawler - - - - - 65 .3 0 15 8 0 - 91
Surimi trawler 0 - 0. - - 0 0 1 5. - 1 - 7
Large freezer trawler - - - - - - 6 3 1 2 3 - - 15
Longliner 22 1+ 1 1 5 9 4 2 3 0 3 6 37
Total 2 1 1 1 5 80 10 4 25 11 4 6 150
Chirikof
Small trawler - - - - - 69 18 3 7 23 4 - 124
Surimi trawler 0 - - - - 0 0 - 1 4 0 0 ‘ 5
Large freezer trawler - - - - - 3 10 7 8 6 7 - 41
Longliner 2 1 1 1 4 5 2 2 0 0 1 4 23
Total "2 1 1 "1 T4 77 30 12 16 33 12 Ta 193
Kodiak : o
Small trawler - - - - - 2 31 55 29 21 2 - - 140
Surimi trawler - - - - - 0 1 0 - - - - 1
Large freezer trawler - - - - - 23 5 10 14 18 26 - 96
- Longliner 3 o 2 1+ 8 10 2 4 1 2 8 9 50
Total 3 0 2 1 8 35 39 69 44 41 36 9 287
Yakutat
Small trawler - - - - - - 0 - - - - - 0
Surimi trawler - - - - - - - - - - - -
Large freezer trawler - - - - - - - - - - 0 - 0
Longliner 1 - 2 - 5 9 2 1 3 6 8 17 54
Total M - 2 - 5 "9 -2 1 13 6 8 17 54
All areas
Small trawler - - - - - 136 52 58 51 52 6 - 355
Surimi trawler 0 - 0 - - 0 1 1 5. 4 "1 0 13
Large freezer trawler - - - - - 32 18 18 24 27 33 - 152
Longliner 8 2 6 3 22 33 10 9 7 8 20 36 164
Total 8 2 6 3 22 201 81 86 87 91 60 36 683
Source:  Personal comunication with Jerald Berger, U S. Foreign Fisheries Observer Program

Nort hwest and Al aska Fi sheries Center,
Bui lding 4, 7600 Sand Point Way N E.,

Nat i onal
Seattl e,

Mari ne Fisheries Service,
WA 98115.

NOAA, Bin C15700,

9¢1



Table 3.--Catch (t) of thornyhead rockfish in the Gulf of Alaska by the Republic of Korea, 1983,
(by nonth, International North Pacific Fisheries Conm ssion statistical area, and vessel

type).

Area and type Month
of vessel 1 2 3 4 5 6 7
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Sour ce: Personal communication with Jerald Berger, U S. Foreign Fisheries Cbserver Program
Nort hwest and Al aska Fisheries Center, National Marine Fisheries Service, NOAA Bin C15700,
Bui l ding 4, 7600 Sand Point Way N. E., Seattle, WA 98115.
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Table 4.--Catch (t) of thornyhead rockfish in the @Gulf of A aska by Japan and
Republic of Korea (ROK), 1983 (by vessel type).

o Japan ‘ ROK , Total
Type of vessel Catch Percent Catch Percent Catch Percent
Small trawler | 355 52.0 1 2.6 356 49.4
Surimi trawler 12 1.8 - -- 12 1.7
Large freezer trawler 152 22.3 6 15.8 158  21.9
Longliner 164 24.0 31 81.6 195 27.0

Total 683 100.0 38 100.0 721 100.0




159

Joint venture fisheries took an additonal 12 t of thornyheads in the
Qul f of Alaska in 1983. Mst came from the Shumagin statistical area; the

remai nder from the Kodi ak area
CONDI TION OF THE STOCKS

The popul ation structure of the thornyheads has not been defined
As a matter of practical convenience, those inhabiting the Qulf of Al aska
are managed as a single stock--independent of those inhabiting the Bering
Sea- Al eutian region or the region to the south.

There is very little information with which to evaluate the condition
of the thornyhead resource in the Gulf of Al aska.. Because of the incidenta
nature of the catch of thornyheads in the foreign conmercial fisheries,
catch and catch per unit effort (CPUE) of thornyheads are functions of
fisheries directed at the target species rather than at thornyheads thensel ves.

Data fromresource assessnent surveys are available only for 1979
and 1981 (Tables 5 and 6) and offer no hint as to the condition of
the stock. It can be seen in Tables 5 and 6, however, that thornyheads
are found in greatest nunber at bottom depths of 200 m or nore.

Change in mean length also was exanmined as a possible indicator of
changing stock condition. Note in Table 7 that thornyheads were smaller
in 1982 and 1983 than in 1980 and 1981, regardl ess of sex or area. The
significance of the decreases is masked, however, by the fact that the
sanmples in 1980 and 1981 essentially were fromlongline fisheries operating
at bottom depths greater than 500 mwhile those in 1982 and 1983 were
fromtraw fisheries operating in areas where the bottom depths were

| ess than 400 m



Table 5.--Catch per unit effort of thornyhead rockfish in the U S. bottomtraw survey

inthe aulf of Alaska, May 26- August 30,
Fi sheri es Conmi ssion statistical

area).

1979 (by International

North Pacific

N

Kodiak

Depth Shumagin Chirikof 7 Yakutat Southeastern
{m) kg/h; Stations kg/hr Stations kg/hr .Stations Kkg/hr Stations kg/hr Stat;ons
110-150 0.5 5 0 4 0 1 -- 0 -- 0
151-200 1.5 15 1.3 18 3.0 24 -- 0 7.3 1
201-250 60,2 12 6.9 18 32.4 24 5.2 7 28.1 3
251-300 82.5 117 40,3 14 44.9 19 -- 0 78.0 2
301-500 - 0 72.6 1 31.7 5 -- :0 110.7 9
110-500 38.5. 43 15.5 55 25.5 73 5.2 7 83.0 15

091



161

Table 6.--Catch per unit effort of thornyhead rockfish in the U.S.
bottomtraw survey in the eastern Gulf of Al aska, My 23-
August 21, 1981 (by Intetinational North Pacific Fisheries
Conmi ssion statistical area).

. _ . Area ]
Yakutat, Yakutat, Kodiak, Southeastern,
5/25-6/10  6/29-7/9 7/11-19 6/9-17
Depth (m) (kg/hr) - (kg/hr) - (kg/hr) (kg/hr)
101-200 1.4 2.3 4 2.5
201-300 5.6 54.0 159.9 56. 1
301-400  67.3 188.9 129.3. 49.9
»400 -- - 90.3 --

All depths 15.4 29.9 107.2 30.2
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Table 7 .--Mean fork length in centinmeters of thornyhead rockfish in the Gulf
of Al aska, by International North Pacific Fisheries Conm ssion
statistical area, as determined, from sanples neasured by U S.
observers, 1980-83.

Year :
Sex and . 1980 - 1981 1982 _ 1983
area Length No. Length No. Length No. length No.
Males
Shumagin 34.0 223 34.6 45 -~ -~ 28.7 297
Chirikof - 34.4 5190 = 37.2 54 C—— - 30.8 2410
Kodiak 33.5 516 35.6 18 27.9 498 29,6 15
Females
Shumagin 35.0 293 '35.1 286 - - 28.3 202
Chirikof 35.7 416 39.0 73 - -~ 30.3 1601

Kodiak 36.2 459 36.4 45 2742 526 28.5 17
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POTENTI AL Yl ELD

Esti mates of Maxi mum Sustainable Yield (MY)
The Fishery Managenent Plan of the North Pacific Fishery Managenent
Counci|l sets MY for thornyhead rockfish at 3,750 t (North Pacific Fishery
Managenent Council 1984). The estimate is adnittedly based on scant

information, to which the present report can add little.

Estimates of Equilibrium Yield (EY)

Because it is felt that MSY is presently attainable, EY is set at NBY.

Accept abl e Biological Catch (ABC
As in the past, there are no conpelling biological reasons to set
ABC above or bel ow EY. It is recormended, therefore, that ABC remmin at

3,750 t.
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FLATFI SH

by
Craig S. Rose

| NTRODUCTI ON

This report deals with all flatfishes inhabiting the Gulf of Al aska,

except Pacific halibut, Hi ppoglossus stenolepis. The mjor species, which

account for approxi mately 99% of the catch of the nonhalibut conplex of

flatfishes, are arrowmooth flounder, Atheresthes stomias, flathead sole,

Hi ppogl ossoi des el assodon, rock sole, Lepidopsetta bhilineata, rex sole,

d yptocephal us zachirus, and Dover sole, Mcrostomus pacificus. As a

matter of practical convenience, the nonhalibut conplex of flatfishes
inhabiting the Gulf of Alaska is considered to be a single stock and is

managed accordingly.

FI SHERY STATI STI CS

The annual catches of @ulf of Alaska flatfish (nonhalibut species
combi ned), 1978-83, are presented in Table 1, by nation and International
North Pacific Fisheries Comm ssion (INPFC) statistical area. Japan and the
Republic of Korea (ROK), which have historically dom nated the catch of

these species, continued to do so in 1983. Both Japan and ROK took
approxi mately the same ampunt of flatfish fromthe Gulf in 1983 as they
did in 1982 (about 6,500 metric tons [t] and 2,500 t, respectively); The
overal| foreign catch of Gulf of Alaska flatfish in both 1982 and 1983
was down about 5,000 t fromthe 1978-81 average--a decrease nostly
attributable to the closure in 1982 of the eastern Qulf to foreign bottom

traw ing.



Table 1.--Catch (1)
category and International
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of flatfish in the Qulf of Alaska, by fishery
North Pacific Fisheries Conmi ssion

statistical area, 1978-83.
‘ Rep. of Joint
Area Japan U.S.S5.R. Korea Poland Mexico venture U.S. Total
Shumagin
1978 2,268 0 270 0 0 5 6 2,549
1979 2,202 26 557 ‘15 7 7 0 2,824
1980 336 976 1,710 0 0 11 0 3,033
1981 1,229 0 1,984 11 0 0 0 3,224
1982 804 0 608 0 0 6 0 1,418
1983 753 0 1,267 0 0 171 0 2,191
Chirikof
1978 2,268 188 26 0 0 0 4 2,459
1979 488 107 0 4 9 0 1 619
1980 936 40 0 0 0 106 0 1,082
1981 1,349 0 2,300 4 0 18 0 3,671
1982 1,270 0 1,628 0 0 12 -0 2,910
1983 2,860 0 1,375 0 0 62 0 4,297
Kodiak
1978 3,809 8 0 13 0 0 82 3,912
1979 4,100 231 0 0 7 62 54 4,524
1980 5,086 823 0 0 0 92 46 6,047
1981 2,099 0 7 0] 0 0 77 2,183
1982 4,472 0 146 1] 0 0 71 4,689
1983 3,224 0 0 0 0 2,459 87 5,770
Yakutat
1978 2,955 0 0 0 0 0 0 2,955
1979 3,238 5 47 0 0 1 7 3,298
1980 4,071 o 24 0 0 0 0 4,095
1981 2,573 0 735 0 0 0 -0 3,308
1982 57 0 1 0 0 0 0 58
1983 50 0 1 0 0 0 0 51
Southeastern
1978 2,536 0 0 0 0 0 760 3,296
1979 2,341 0 1 0 0 0 322 2,664
1980 1,495 0 0 0 0 0 94 1,589
1981 2,153 0 0 0 0 0 327 2,480
1982 0 0 0 0 0 0 203 203
1983 0 0 0 0 0 0 351 351
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Table 1 .--Continued.

o Rep. of ‘ Joint
All areas ~ Japan " U.:S.5.R. Korea Poland Mexico venture U.S. Total

1978 - 13,809 196 296 13 0 5 852 15,17
1979 12,369 369 605 19 113 70 384 13,929
1980 11,924 1,839 1,734 0 -0 209 140 15,846
1981 9,403 0 5,026 15 0] 18 404 14,866
1982 ‘ 6,603 o 2,383 . = 0 0] 18 274 9,278

0 2,692 438 12,660

1983 6,887 0 2,643 0

Sour ces: Foreign and joint venture catches: personal communication with Jerald
Berger, U S. Foreign Fisheries Cbserver Program Northwest and Al aska Fisheries
Center., National Mrine Fisheries Service, NOAA, 7600 Sand Point Way N.E., Bin
C15700 Building 4, Seattle, WA 98115.

U S. Catches (1978-80): Rigby 1984.
U S. Catches (1981-83): Pacific Fishery Information Network (PacFIN), Pacific Marine

Fi sheries Commission, 305 State Ofice Building, 1400 SSW fifth Avenue, Portland,
OR 97201.
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The United States processed catch remained low at 438 t in 1983.
Mbst was taken in a southeastern Alaska fishery domnated by starry flounder,

Platichthys stellatus. Less than 100 t of flatfish were processed in the

Kodi ak and Shunagin areas conbined.

The catch of flatfishes by joint venture fisheries, on the other hand,
increased dramatically in 1983. \ereas this element of the catch had been
negligible in recent years, it rose to nearly 2,700 t in 1983, making up
more than 20% of the total catch. Mre than 90% of the joint-venture catch,
of flatfish was taken in the Kodiak area, with |esser amunts being taken
in the Shumagin and Chirikof areas.

Al though Qulf of Alaska flatfish are managed as a separate single stock,
it is appropriate to nmonitor the species individually since they have a
variety of distributions and life histories. For the mjor nonhalibut
species of flatfish, accordingly, the 1978-83 catch data are grouped by
area in Table 2. Viewed in this way, the mpst notable change over the years
has been the increased catch of certain species, particularly rock sole, in
t he Kodi ak area.

Al'so noteworthy in this regard is the difference in species conposition
between the foreign and joint venture fisheries which cane to light in 1983
(Table 3). Historically (with the exception of 1982 when uncertainties

surrounding the allocation of walleye pollock, Theragra chal cogranms, nay

have directed additional effort to selected flatfishes other than arrow ooth
flounder) the latter species has donminated the foreign catch of flatfish
inthe aulf. Arrowtooth flounder is the npst abundant nonhalibut flatfish
inthe Gulf, occurring in all areas and in all depth strata, although it is

sonewhat nore abundant in strata deeper than 100 m Arrowtooth flounder
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Table 2.--Catch (t) of flatfish in the Qulf of A aska by species, and
International North Pacific Fisheries Conm ssion statistical area,

1978-83.
Area
South-

Species Years Shumagin Chirikof Kodiak .- Yakutat eastern Total
Arrowtooth  1978-812 2,266 1,529 - 3,095 ' 3,109 2,007 12,006
flounder 1982 1,068 2,606 2,284 4 0 5,962
1983 1,579 3,911 3,711 44 0 9,245

" Rock 1978-81 297 54 . 58 7 \ 2 418
sole 1982 ' 196 23 80 0 0 299
1983 323 13 698 . 0 0 1,034

Flathead 1978-81 45 183 165 103 2 498
sole ‘ 1982 63 108 1,025 40 0 1,236
1983 63 79 . 434 0 0 576

Rex 1978-81 101 117 419 58 86 781
sole L1982 . . 36 105 818 0 .0 959
1983 94 95 407 8 0 604

Dover 1978-81 48 53 358 105. 32 596
sole 1982 30 56 364 6 0o 456
1983 39 113 197 6 0 355

®Aver age of catches 1978-81.

Sour ces: 1978: Vall et al. 1979; 1979: Vall et al. 1980; 1980: Vall et al. 1981;
1981: wall et al. 1982 1982: Nelson et al. 1983; and 1983: Berger et al. 1984.
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Table 3.--Species conposition of 1983 @ulf of Al aska flatfish catch by fishery

cat egory.
Species Foreign Joint venture

(%) (%)

Arrowtooth flounder (Atheresthes stomias) ‘ 85 41
Rock sole (Lepidopsetta biliﬁeata) 3 28
Flathead sole (Hippoglossoides elassodon) 2 15
Rex sole -(Glyptocephalus zachirus) 4 6
Dover sole (Microstomus pacificus) 4 1
.Greenlana turbot (Reinhardtius hippoglossoides) 2 0
Butter sole (Isopsetta isolepis) 0] "5
Starry flounder (Platichthys stellatus) 0 2
Yellowfin sole (Limanda aspera) 0] 2
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al so nove off bottom nobre than other species of flatfish and have the

| owest conmercial value. For reasons of its sheer abundance off bottom
in deeper depth strata, it is therefore not surprising that arrow ooth
flounder (despite its low value) dominates the catch of flatfish taken
incidentally in foreign fisheries that characteristically deploy a |ot of
effort off bottomin deep strata near the edge of the continental shelf.
In the joint venture fishery, on the other hand, arrowtooth flounder are

| ess domi nant and sone of the other nonhalibut flatfishes are proportionally
more abundant than in the. foreign fisheries, particularly rock sole and
flathead sole. Joint venture fisheries operate over the continental
shel f, usually in shallower waters where flatfishes other than arrowt ooth
flounder are nore likely to be found. Further, because of their greater
conmerci al value; these species become the target objects of joint venture

bottom traw i ng.

MAXI MUM SUSTAI NABLE YI ELD, EQUILIBRI UM YIELD, OPTI MM YIELD,
AND THE ALLOCATION OF CATCH

The maxi mum sustainable yield (MSY) of the flatfish conplex in the Gulf
of Al aska has been estimated at 67,000 t, based on an estimated exploitable
bi onass of 772,000 t (North Pacific Fishery Managenent Council 1984). The
bi omass estimate, calculated fromdata collected during a series of traw
surveys in the early 1970's, tends to be conservative in that it was derived
on the assunption that the catchability coefficient equals 1.0 (that all
flatfish in the traw's path were caught. If the catchability coefficient
was only 0.5, for exanple, the estimates of bionass and MSY would double.

These sanme trawl data, it should be pointed out, were also used to allocate
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MSY to the various managenment areas within the Gulf. Results of a nore
recent series of traw surveys (1978-81) were inconplete in that they did not
compl etely cover the flatfish habitat and could not be used, therefore, as

a basis forupdating the estimtes of MSY or the way that MSY was distributed
to the managenent areas. A nore conprehensive survey of the central and
western Qulf in the summer and fall of 1984 will be used to update these
estimates.

Because the flatfish stocks of the Gulf of Al aska have only been lightly
exploited, equilibriumyield (EY) is considered to equal MsY. Optinum yield
(OY) on the other hand, was reduced to 50% of EY in order to protect the
stocks of Pacific halibut. Allocation of OY by regulatory area is shown in
Table 4. A notable change for 1984 is the shift of the bulk of the quota in
the central managenent area from the foreign to the U S. donestic fisheries.
The sum of the foreign and reserve quotas in 1984 is 1,000 to 1,500 t short
of the foreign catch in recent years. Accordingly, in 1984 the flatfish

quota may be reached for the first tine.



173

Table 4.--Allocation (t) of the @ulf of Alaska flatfish quota, 1982-84.

Year and. Domestic Foreign Optimum

area : harvest : harvest - Reserve yield
1982-1983

Eastern - 1,360 l . 5,360 . . 1,680 | 8,400
Central . 1,120 . 10,640 2,940 14,700
Western 700 . 7,620 . 2,080 10,400
Total . 3,180 . ‘23,620 6,700 ‘33,500

1984 | | |
Eastern . 300 . 6,420 - 1,680 . 8,400
Central _ 8,720 . - 3,040 2,940 | 14,700
Western - 10 . . 8,310 . 2,080 10,400
Total 9,030 17,770 16,700 33,500

Source :  North Pacific Fishery Mnagenent Council 1982-84..
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SQUI D
by

Thomas W der buer

The abundance and potential yield of squid in the GQulf of Alaska has

not been evaluated through research findings. However, catches of Berryteuthis

magi ster, Berryteuthis anonychus, and Gonatus spp. by commercial fishing

vessel s and research vessels, and their occurrence in the stomachs of

fish and marine manmmals indicate a large standing stock. Maxinum sustainable
yield is intuitively believed to be greater than 5,000 nmetric tons (t).
Accordingly, optinumyield (OY) has been set at 5,000 t (North Pacific

Fi shery Managenent Council 1984). Catches, which primarily are by foreign
trawlers in the central and western Qulf, have fallen far short of the
5,000 t OY, however, averaging just 550 t 1978-83 (Table 1). Mst squid

are taken incidentally in fisheries that target on other species.
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Table 1.--Catch (t) of squid in the Qulf of Alaska, by fishery category,

1978- 83.

Rep. ‘ .

of Foreign Total
Year Japan Korea Poland U.S.S.R. Mexico total oY JV catch
1978 186 133 1 2 | 322 2,000  -- 322
1979 259 143 9 1 13 425 5,000 -- 425
1980 697 107 T 37 841 5,000 T 841
1981 554 562 19 1,135 5,000 T 1,135
1982 202 76 | 278 5,000 16 294
1983 252 15 ' o 267 5,000 4 271

T: Trace.

Source: Berger et al. 1985.
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ACOUSTI C- M DWATER TRAW. SURVEYS OF SPAVWNI NG
WALLEYE POLLOCK IN THE SHELI KOF STRAI T REG ON,
1980-81 AND 1983-84
by

Martin O Nelson and Ednmund P. Nunnal | ee
| NTRODUCTI ON

Echo integrator-mdwater trawl surveys of walleye pollock, Theragra

chal cogramma, in the Qulf of Alaska were initiated in 1980 and, except for

1982, have been conducted each year since. The surveys, which have taken
place primarily in March and early April, have focused on the Shelikof Strait
spawni ng stock. They have also involved special efforts to determine the
distribution of spawning pollock in other areas, including the east side of
Kodi ak Island and the area between Shelikof Strait and Unimak Pass in 1983,
and part of the central Gulf region in 1984 (Amatuli Trench to M ddleton
Island, Prince WIliam Sound, and Blying Sound-Resurrection Bay). Only a
few small concentrations of spawning pollock have been located by the surveys
outside the Shelikof Strait region, but this may be partly due to the limted
scope, particularly the restricted tenporal coverage, of these surveys.

Each year, the primary objective of the Shelikof Strait survey has been
to obtain an age-specific estimate of the size of the nidwater (off-bottom
conponent of the pollock stock during that part of the spawning period when
t he abundance of adult fish is at a maximum This report provides a brief
description of survey and analysis nethods, presents the basic results
(biomass estimates and population age and length distributions) for each
year (1980, 1981, 1983, and 1984) and briefly discusses sources of error

and future research needs.
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SURVEY AND ANALYSI S METHODS

All survey data used for this report were collected aboard the National
Cceanic and Atnmospheric Administration (NOAA) ship MIler Freeman, a 66 m
stern trawer. Acoustic data were obtained using a 38 kHz echo sounder with
its transducer nounted in a towed body. The body was deployed at a depth of
51to 20 mand towed at speeds of 8-10 kn. Echo integration and initi al
data handling and storage were done in real tine using a digital integrator
interfaced to a mcroconputer, except in 1980 when the echo data were tape
recorded for laboratory analysis. Al echo integrator data were scaled to
estimtes of absolute density by assuming the average target strength (i.e.
the target strength of the average scattering cross section) of pollock in
the length range encountered on the surveys is -31.3 dB/kg. The use of this
value, which is discussed later in this report, is based on the results of
Bering Sea pollock target strength neasurenents reported by Traynor and
WIlliamson (1983).

Mdwater traw hauls were made to obtain species conposition data and
especial ly, pollock biological sanmples. Except for a few hauls made during
the 1984 survey, all mdwater sanpling was done with a D anond 1000 traw
equi pped with a cable netsounder system This trawl has stretched nesh
sizes ranging from81 cmto 8.9 cm (codend) and, except in 1980, it was used
with a 3.8 cmnmesh codend liner. The vertical muth opening of the traw
ranged from about 12 to 20 m dependi ng on depth or amunt of cable and tow ng
speed. The duration of trawl hauls varied according to the availability
of the echo sign and the efficiency of the traw setting or aiming operation.

For each haul, the total catch (weight and nunber) was estimated for each
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speci es. Poll ock length composition by sex, was estimated for each catch

from a random sanple of 150-350 specinens. Oher biological data or sanples
(individual weights, otoliths, maturity stage) were obtained from nost

pol l ock catches by subsanpling from the length conposition sanple.

Survey operations were conducted 24 hours per day since significant
daily variation in the vertical distribution and detectablity of the pollock
was not observed. A zig-zag trackline pattern, which typically ran across
the Sheilkof Strait approximtely between the 90 misobaths, was used for
each survey (Figs. 1-3). Echo integrator density estimtes (kg/nf) were
recorded at either 1 or 5 minute intervals along survey transects for each
nonover | apping 10 or 20 m depth stratum between the transducer and a depth
of approximately 3-5 m above bottom  Each survey's geographic coverage was
partly determined by real tine observations of the distribuiton of pollock
echo sign.

Pol I ock bionass was estimated by nultiplying average density per unit
surface area (kg/nf) by area (either the total survey area or each of selected
subareas). Followi ng procedures simlar to those described by Traynor (1984),
age specific biomass and popul ation estimates were cal culated fromlength
frequency data and survey specific | ength-weight relationships and age-I|ength
keysY. The variance of mean density per unit surface area Var (d) was
calculated using the method investigated by WIllianson (1982). The variance
of each biomass estimate (B) was calculated as Var (B) = A* Var (d), where
Ais an estimate of surface area. The associated 95% confidence interval

was calculated as B + 1.96 (Var (d))?2.

YI'n 1980, otoliths were not collected fromthe mdwater trawl catches and the
age data are based on otoliths collected during a March bottom traw survey.
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RESULTS

Wth the exception of 1980 (when a single survey took place late in
the spawning period), the survey effort in Shelikof Strait has been sinilar
anong years, i.e., during each year (1981, 1983, and 1984) a series of
surveys has been conpl eted between the first week of March and the second
week of April. The nunber of surveys in 1981, 1983, and 1984 was 3, 3 and
5, respectively”. The sampling effort,as indicated by the acoustic
survey trackline patterns and nunbers/geographic distributions of nidwater
trawl hauls, is shown in Figs. 1-3. During each of the four years pollock
have conprised nore than 94% of the total catch, by weight, in mdwater
trawm hauls (Table 1)

The surveys have denonstrated that their timng is especially
i mportant because of the changes in abundance, geographical distribution,
school i ng behavi or and bi ol ogi cal characteristics of the pollock stock
that occur during February-April. The echo integration survey estimates
of density, distribution and abundance (Table 2), as well as other survey
and fishery information, suggest that the total biomass of adult fish in
t he Shelikof-Chirikof |sland region has typically reached a nmaxi num duri ng
the first 2 or 3 weeks of March, just prior to the tinme of greatest spawning
activity. Spawning, as indicated by changes in maturity, has usually
reached a peak in late March (Table 3). Sinmilar information on tine of
spawni ng has been obtained from ichthyoplankton surveys (Dunn et al. 1984).

Large changes in average pollock density (and the total area inhabited by

?I'n 1983, a fourth acoustic-nidwater traw survey was partially conpleted
during March 25-April 3 by the NOAA ship Chapman. Because of the restricted
geographi c coverage of this survey, the pollock abundance. etinates deternined
fromit are not conparable to the other surveys and are not included in this
report.
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Table 1.--Summary of catch data for midwater traw hauls made during

Shel i kof Strait acoustic surveys in 1980, 1981, 1983, and 1984.
Total catch
1980 1981 1983 1984

kg % kg % kg % kg 3
Walleye pollock 20,396 97.4 26,050 97.9 73,873 94.5 76,710 96.6
Pacific cod 334 1.6 236 0.9 1,799 233 290 0.4
Eulaéhon 108 0.5 133 0.5 2,333 3.0 360 0.5
Other species 96 0.4 193 0f7 184 0.2 411 0.5
Total - 20,934 100.0 26,612 100.0 f8,189 100.0 77,771 100.0

Number of hauls 20 38 40 41
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Table 2.--Pollock biomass estimates determned from Shelikof Strait
acoustic-mdwater traw surveys in 1980; 1981, 1983, and 1984.

‘ o Mean . Total .
Survey number density area Biomass 95% confidence interval
Year . and period ' (kg/103m2m) : (km2) (t x 106) (t x 106)
1980 1 April 11-14 50.7 11,970 0.71. .57 to- .82  (+15.5%)
1981 1 March 3-15 637.6 6,870 4.38 2,92 to 5.84 (+33.3%)
2 March 24-27 363.6 8,674 3.15 2.07 to 4.23 . (+34.3%)
3 April 4-10 251.0. 12,138 3.06 2.02 to 4.08 Qi33.3%)
1983 1 March 6-15 144.9 17,587 2.46 1.54 to 3.40 (+37.7%)
- 2 March 16-19 194.7 12,123 2.36 1.26 to 3.46 (+46.6%)
3 April 6-13 41.2 19,733 0.82 0.57 to 1.07 (+30.5%)
1984 1 March 3- 9 133.6 16,567 2.03 1.43 to 2.64  (+29.9%)
2 March 9-16 107.1 15,043 1.57 . 1.31 to 1.84 (+17.1%)
3 March 16-18 139.3 14,383 1.90 1.06 to 2.75 "(IA4.2%)
4 March 22-25 127.5 15,641 1.72 0.98 to 2.46 (+42.9%)
5 April 1- 7 119.8 15,147 1.66 ©1.19 to 2.13°  (+28.3%)
‘Annual estimates of maximum biomass
95% confidence
Biomass C interval -
Year (tx10©) (tx109) '~ Source of estimates
1981 3.77 2.86 to 4.67 Mean of estimates for surveys . 1 and 2
1983 2.43 1.69 to 3.13 Mean of estimates for surveys 1 and 2

1984 1.84 1.21 to 2.47 Mean of estimates for surveys 1, 2 and 3
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Table 3.--Percentage maturity conpositions for age-3 and ol der female pollock
sanmpl ed during Shelikof Strait acoustic-midwater traw surveys in
1983 and 1984.

Maturity stage

Year and
survey period Immature Developing Mature Spawning Spent
1983 .
March 6-15 0.0 17.4 82.1 . 0.5 0.0
March 16-19 - 0.0 15.2  81.2 2.8 0.8
April 6-12 0.0 17.9 5.8 17.8 63.5
1984
March 1- 9 6.4 21.7 ’ 0.0 0.0 0.0

March 9-16 0.0 11.9 1.4 1.4 0.4
March 16-183 -_— S -- - -
March 22-25 0.6 . 14.2 48.5 33.0 3.6

April 1- 7 . 0.0 ‘ 2.3 14.1 28.5 55.1

Maturity by age data were not obtained for the March 16-18 survey.
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significant densities) occur within and between years. One of the nost
noticeabl e changes, which (except for 1984) has been detected by the surveys
each year, is the pronounced dispersion and, in some cases (1980 and 1983)
apparent emgration of fish that occurs between late March and nid-April.
This is reflected in the survey estimtes of nean density, area and bi omass
(Table 2)¥ and becones apparent when, as shown for 1983 (Fig. 4), density
distributions are compared between surveys within a year. Fig. 4 also
provi des an exanple of the fact that prior to spawning, pollock formthe
densest concentrations in the relatively deep (228-320 nm} basin on the
west side of the central portion of the Shelikof Strait. This behavior has
been observed during all 4 years. In 1984, the early April dispersal and
decrease inaverage density was not observed and it appears that the spawning
period may have been extended

The annual estinmates of biomass fromthe survey indicate that a
significant reduction in the size of the Shelikof pollock stock occurred
between 1981 and 1984 (Table 2)¥. During this period the stock consisted

primarily of the 1975-79 year classes (Table 4 and Fig. 5)%, all of

¥Echo sounder and trawl sanpling data collected in the Shelikof area
t hroughout March and early April, 1980 provide evidence that the average
density of pollock in the area had decreased significantly by the time
(11-14 April) of the echo integrator survey.

“1t is suspected that the bionass estimate for survey 1 in 1981 could be
bi ased high as a result of the long tinme that was required to conplete
this survey (the survey was conducted during a period of extrenely poor
weat her).  However, the 1981-1984 decline in abundance is still apparent

1t should be noted that 1 and 2-year-old pollock are not representatively
sanpled by the survey. The relative availability of 3-year-old fish is not
wel | known but, as discussed by Alton and Rose [1985 (in this report)],
survey abundance estimates for this age group may provide a useful measure
of year class strength.
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Table 4.--Estimtes of age specific biomass (thousands of nmetric tons [t]) and nunbers (millions) of pollock
in Shelikof Strait determined from acoustic-mdwater trawl surveys in 1980, 1981, 1983 and 1984.

Biomass
o Age . , :
- Year 1 2 3 4 5 6 7 8 9 0. 1 12 Total
19802 1.8 49.1 16.4 376;2 158.0 43.8 38.7  20.3 10.1 . 0.6 0.0 0.0 - 709.0
1981b 0.9 350.6 375.0 339.4 1509.0 756.1 177.3 115.8 111.0 27.9 3.2 . 0.0 3766.1
1983b © 0.0 58.9  103.9 570.7  700.8  497.2  360.6 '105.1 17,3 12,1 4.8 1.6 2433.0
~ 1984b 0.0 8.0 64.1 105.5 405.8 710.5 333.8 169.8 34.8 4.9 0.0 0.9 1838.1
Numbers
) - Age
12 3 4 5 6 7 8 9 10 11 12 Total
19803 105.4  394.6 57.3 1127.4  367.8 68.5 51.5 . 2.7 7.3 0.8 0.0 0.0 2183.3
1981b 39.4:3704.6 1590.7 888.5 3480.1 1464.1 258.6 i51.2 115.7  31.4 3.5- 0.0 11627.8
19835' 1.8 757.8  325.7 1410.0 '1270.37 761.7  648.4  145.2 19.5 11.9 - 4.1 1.9 5358.3
rosab 1.5 74.2  258.9 231.1  700.9 1045.0 464.8  239.8 3.7 3.7 0.0 0.9  3062.9

*The 1980 estinates were obtained froma single survey late (11-14 April) in spawning period

®The 1981, 1983 and 1984 age distribution are for stock size estimates determi ned by averagi ng estimates
from sel ected surveys (see bottom portion of Table 2).
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which, as indicated by the fishery data [Alton and Rose 1985 (in this report)
and Alton 1985 (in this report)], appear to have been relatively strong. The
decline in stock size is apparently due to the effect of nortality of these
year classes coupled with the occurrence of a weak 1980 year class. The small
size of this year class is indicated by its |ow abundance in 1983 as 3-year-ol ds
and in 1984 as 4-year-olds in both the joint venture fishery data [Alton 1985
(in this report)] and the survey data (Table 4). Prior to 1984 4-year-olds
were usually an inportant conponent of the Shelikof stocks®. The weakness

of the 1980 year class is also shown by the survey estimate of its abundance
at age 3 relative to that of the strong 1978 year class (Table 4). The 1984
survey estimate of age-3 pollock is even lower than the 1983 estimate for this
age group. Consequently, it appears that the 1981 year class is al so weak.

The decline in abundance and increase in average age of pollock is
reflected in significant increases in the survey estinmates of nean |ength
(Table 5 and Fig. 6). Very simlar changes are also evident in the joint
venture fishery length conposition data [Alton 1985 (in this report)].

Substantial differences in age and length conposition occurred from
survey to survey during the series which were conducted in 1981, 1983 and
1984 (Figs. 6-12). Mre detailed analysis of these differences is needed
to determine the extent to which they represent real variation, as opposed
to possible artifacts due to inadequate sanpling. The observed variability
enphasi zes the need for appropriate timng of the surveys and proper
geographi cal distribution of the trawl sanpling effort, and suggests the need
for more conprehensive biological sanpling. Roth survey and fishery data

suggest that the stock of pollock age 4 and ol der can be reliably estimated

®The relatively low survey estimate for age-4 pollock in 1981 is inconsistent
with fishery data on the abundance of this age group, as well as with the
survey estimates for 6 and 7-year-old fish in 1983 and 1984, respectively.
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Table 5.--Mean lengths of pollock in mdwater traw sanples
collected in Shelikof Strait during March-April
acoustic surveys in 1980, 1981, 1983, and 1984.

Mean length (cm)

Year Males Females - Qombined
1980 31.6 32.9 . 32,2
1981 33.1 | : 34.9 : ' 34.0
1983 | © 38,1 . 39.4 ’ 39.1

1984 ‘ 42.3 44.8 43.6
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by March surveys. However, the abundance of 3-year-old fish may be under-

estimated unless surveys are conducted earlier.

DI SCUSSI ON

The 1980-84 acoustic-mdwater traw surveys have produced val uable
information on the magnitude and behavior and biology of the Shelikof pollock
resource. Although the time series of data is very limted, the results
suggest that, when properly timed, the surveys can provide a reliable neasure
of tenporal changes in the relative size of the total biomass of the adult
spawni ng stock (fish > age 3). Also, for the adult stock, the actual
bi onass and the age specific popul ation estimtes deternmined fromthe
surveys appear to correspond reasonably well with the results of fishery
data analysis [Alton and Deriso 1983; Alton 1985 (in this report)].

However, a variety of information should be obtained in order to provide

a much firmer basis for evaluating and inproving the quality of the survey
data. This is especially inmportant because of problenms with the fishery
data base and the use of catch-at-age nmobdels [Alton and Rose 1985 (in this
report)]. In particular, there is a need to 1) obtain behavior-specific
estimates of the target strength of Shelikof pollock and 2) further exam ne
the timng of the surveys and inprove the survey traw sanpling/biol ogical
data base, primarily as they relate to the estimation of age conposition
and the availability of 3-year-old fish. As nentioned earlier, recent

anal ysi s suggests that survey estimtes of the abundance of age-3 pollock
may provide a valuable index to year-class strength [Alton and Rose 1985 (in
this report)].

Knowl edge of the target strength of pollock is critical to determning

the accuracy of the acoustic survey estimates of absolute abundance. Target
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strength neasurenents have not yet been obtained for the Shelikof pollock
stock. The target strength estimate (-31.3 dB/kg) which has been used to
scale all of the echo integrator data fromthe Shelikof surveys is based on
results obtained for nonspawni ng Bering Sea pollock at relatively shallow
depths (50-85 m), and is an average value of day and night measurements

for fish with a mean length of 47 cm (Traynor and WIlianson 1983). Tar get
strength nmeasurenents of Shelikof pollock should be obtained for different
Size groups, and-especially, for different environmental (day vs. night,
depth) and physiol ogical (prespawning, spawning, postspawning) conditions.
It is currently planned to begin the collection of target strength data
during the next survey (1985).

Further analysis of the biological data base for pollock available from
the surveys is needed to better identify variation and sources of bias in
age/length and other biological data and provide information needed to refine
future sanpling procedures. Length, sex ratio, and maturity appear to very
substantially with time, depth, and area and suggest the need for a nore
conprehensive trawl sanpling effort using a second research vessel and a
m dwater traw capable of discrete depth sanpling. However, wuntil it is
economi cally feasible to develop and inmplement such a sanpling effort, it
may be possible to inprove results by developing a nore efficient or optimal
single vessel survey. This will involve a nore rigorous analysis of the
survey's acoustic and biological data sanpling requirements and, subsequently,
further evaluation of possible trade-offs between the acoustic (echo integrator)
and trawl data collection efforts. Such an analysis and evaluation wll
include a nore detailed investigation of the statistical precision of the
present abundance estimtes and of alternative survey designs and variance

estimtion procedures. Also, there is a real need to better integrate



204

biological information from the U S. Foreign Fishery CObserver Program and
nore clearly define how this information can be used to suppl enent, or
possibly substitute for, biological data obtained from the survey.

Significant expansion of the pollock acoustic surveys to other
regions of the @ulf of Alaska is not planned for the near future. This
is principally because of the need to continue nonitoring the Shelikof
stock, and to accelerate associated research efforts. Also, other sources
of information, including an extensive set of ichthyoplankton surveys
(Dunn et al. 1984), indicate that spawning in the central and western
Qlf is heavily concentrated in the Shelikof region. During 25-31 MNarch
1984, noderate size aggregations of spawning pollock were found in the
Prince WIliam Sound region and in a small area near Resurrection Bay,
but no echo sign indicative of pollock was |ocated in the Amatuli Trench-

M ddleton Island area. However, several reports by fishermen indicate
t hat spawni ng pollock may occur in significant quantities in the latter
area in April.

Addi tional surveys of the on-bottom conponent of the Shelikof spawning
pollock stock are not planned. The bionmass of this component was estinated
at 184,000 netric tons,(t) froma 3-19 March 1983 bottomtraw survey
(Brown 1983). The estimate was derived assuming a traw efficiency of
100% (percentage of fish in path of trawl and bel ow headrope that are
captured). [f it is assumed that the 1983 acoustic survey estimate (2.43
mllion t) of the off-bottom conponent is valid (and, as appears reasonabl e,
that the acoustic and bottomtraw estimates are independent of each
other), the near-bottom conponent represented approximtely 7% of the

total bionass.
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1984 U.S. RESEARCH SURVEYS AND RESEARCH PLANS FOR 1985
N THE NORTHEASTERN PACI FI C OCEAN

by

Lael L. Ronholt

FI ELD RESEARCH CONDUCTED IN 1984

@l f of Al aska

Pacific Cod Survey

A survey to nmeasure the abundance and magni tude of the spawning

Pacific cod, Gadus nmcrocephal us, aggregation in the western Qulf of Al aska

was conducted from Kodi ak Island to the Shumagin Islands with the National

Cceani ¢ and Atrmospheric Administration (NOCAA) ship MIler Freeman during
February.
G oundfish Study Areas

A bottomtraw survey was conducted to nonitor changes in the
di stribution, abundance, and biological characteristics of the ground-
fish stocks in selected study areas of the @ulf of Al aska. A cooperative
US -US SR survey was carried out with the Soviet vessel Shantar during
May-July in the Fox Island, Shumagin, Kodiak, and Mddleton study areas.
Triennial Survey

A cooperative U S. -Japan conprehensive groundfish resource assessnent
survey of the CGulf of Alaska was undertaken during June-Cctober. One
smal | Japanese stern trawer, Daikichi Maru No. 38, two chartered U.S.

stern trawers, Mrning Star and Ocean Spray, and the NOAA ship Mller

Freeman participated in the survey. This work was closely coordinated
with the cooperative U S. -Japan longline survey for sablefish. Anopl opona

Finbria, and Pacific cod which was conducted with the Japanese |ongliner

Ryusho Maru No. 15.
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Sabl efish Index Sites

The four established sablefish indexing sites off southeastern
Al aska were successfully sanpled during June-August using the NOAA ship
John N. Cobb. Additional data was obtained with which to examne the
reliability of the abundance indices.
Sabl ef i sh Taggi ng

During the last half of COctober, a sablefish tagging program was
conducted in the Dixon Entrance area of southeastern Al aska using the

NOAA ship MIler Freeman. Conductivity, tenperature, and depth observations

were made along predetermned tracklines to neasure oceanographic conditions.
Rockfish Studies
A maturity and tine of larval release study of Pacific ocean perch,

Sebastes al utus, was conducted in the Cape Omwraney area of southeastern

Al aska aboard the NOAA ship Chapman during April-My. Plankton sanples were
taken during the cruise, and salinity, tenperature, and depth observations
recor ded.
Sabl ef i sh Spawni ng

During Novermber, an ichthyoplankton survey to deternine the spawning
period of sablefish has conducted in the Cape Ommaney area aboard the
NOAA ship Mirre 11,
| cht hyopl ankt on

| cht hyopl ankt on surveys were conducted in March and April with the NOAA
ship Chapman and the Soviet research vessel Shantar. Research focused on

the early life history of walleye pollock, Theragra chal cogrammma, in order

to (a) estimate the size of the spawning stock in Shelikof Strait from egg
surveys, (b) estimate egg nortality using field sanples, and (c) investigate

the amount of spawning in the Amatuli Trough and Chirikof Island areas.
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Sheli kof Strait Pollock
An acoustic-mdwater traw survey of the off-bottom conponent of the
Shel i kof Strait spawning pollock stock was conducted with the NOAA ship

MIler Freeman, during March-April.

West Coast

Sabl efi sh | ndex

The nine sablefish trap index sites from Cape Sebastian, Oregon to
San Diego, California were successfully sanpled during Septenber-Novenber
using the charter vessel US. Dominator. In addition to neasuring sablefish
abundance and collecting biological data, tests were conducted to neasure
the relative efficiency of two different types of trap.
Upper Slope G oundfish

A survey was conducted during Septenber-Cctober using the charter vessel
Hal f Moon Bay to (a) assess the feasibility of using the area-swept technique
to assess deep-water groundfish species in areas with steep, rough substrata,
(b) collect catch per unit effort and biological data, and (c) tag juvenile
sabl efi sh.
| cht hyopl ankt on

A US --US S R ichthyoplankton survey was conducted off the Washington,
Oregon, and northern California coasts during March-April with the Soviet

research vessel Poseidon.
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FI ELD RESEARCH PLANS FOR 1985

@l f of Al aska

G oundfish Study Areas

Cooperative U S. -US.S R and U S.-Republic of Korea bottom traw
surveys to nmonitor changes in the distribution, abundance, and bi ol ogi cal
paranmeters of the groundfish stocks are anticipated in selected study
areas.
Juvenile Surveys

A juvenile survey of the groundfish species in the central and
western @ulf of A aska is tentatively planned.
Sabl ef i sh Spawni ng

An icht hyopl ankt on survey to determ ne the spawning period for
sablefish will be conducted in the Cape Omraney area during January using
the NOAA ship Mirre 1.
Sabl efish Index Site

The annual survey of the four established sablefish index sites off
sout heastern Alaska is schedul ed.
G oundfish Hydroacoustics

A tentative study is planned to test the feasibility of using acoustic

signals to estimate the abundance of near-bottom groundfish species.
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Sheli kof Strait Pollock

An acoustic-mdwater trawl survey of the Shelikof Strait spawning
pol l ock stock is scheduled to determine age-specific estimtes of stock
size at maxi mum spawning and to collect in situ neasurenents of pollock
target strength.
Fi sheri es- Cceanogr aphy

A mltidiscipline, nultiagency, fisheries-oceanography experinent
(FOX) is planned to exami ne the environnent in which pollock spawn and
the young develop in Shelikof Strait. The Recruitment Processes G oup
will study the vertical distribution of eggs and | arvae and the feeding
and growth of larvae at various levels of density.

West Coast

Sabl efish I ndex

A survey is scheduled to sanple the sablefish indexing stations off
Oregon and Washi ngt on.
Pacific Ccean Perch

A survey is scheduled to determine the distribution and abundance

of Pacific ocean perch off Washington and O egon.
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